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A b s t r a c t
v
A t e c h n i q u e  f o r  p r o d u c t i o n  o f  e x p e r i m e n t a l  c o b a l t  
c a r d i o m y o p a t h y  i n  t h e  dog i s  d e s c r i b e d .  A c h r o n i c  i n d w e l l i n g  
v e n o u s  c a t h e t e r  i s  i n s e r t e d  r e t r o g r a d e  i n t o  t h e  p o s t e r i o r  
v e n a  c a v a  v i a  t h e  f e m o r a l  v e i n .  C o b a l t  c h l o r i d e  i n  a 
s o l u t i o n  o f  s t e r i l e  s a l i n e  was i n f u s e d  w i t h  a v a r i a b l e  sp e e d  
i n f u s i o n  pump t w i c e  w e e k ly  o v e r  a 24 h o u r  p e r i o d .  The d o g s  
w ere  d i v i d e d  i n t o  f o u r  g r o u p s ;  Group A (5 d o g s )  was t h e  
n o rm a l  c o n t r o l s ,  Group B (5 d o g s )  was m a i n t a i n e d  on a p r o t e i n  
and t h i a m i n e  d e f i c i e n t  d i e t ,  Group  C (5 d o g s )  was on a no rm al  
d i e t  w i t h  c o b a l t  i n f u s i o n s ,  and  Group  D (6 d o g s )  was on a 
p r o t e i n  and t h i a m i n e  d e f i c i e n t  d i e t  w i t h  c o b a l t  i n f u s i o n s .
The p r i m a r y  c l i n i c a l  f i n d i n g s  o b s e r v e d  i n  dogs  i n  Group  
C and D w ere  d y s p n e a ,  e x e r c i s e  i n t o l e r a n c e ,  m i l d  s y s t o l i c  
murmors w i t h  a p r o m i n e n t  g a l l o p  r h y th m ,  a b n o rm a l  
e l e c t r o c a r d i o g r a m s  i l l u s t r a t i n g  s i n u s  t a c h y c a r d i a  and lo w e re d  
QRS c o m p le x e s  i n  l im b  l e a d s ,  m i c r o c a r d i a  on t h o r a c i c  
r a d i o g r a p h s ,  e l e v a t e d  l e f t  v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  
and lo w e r e d  s y s t o l i c  p r e s s u r e s  and a n g i o g r a p h i c  e v i d e n c e  o f  a 
s m a l l  end  s y s t o l i c  v o lu m e  and m i l d l y  e n l a r g e d  l e f t  d i a s t o l i c  
v o l u m e .  The p r i n c i p l e  g r o s s  l e s i o n s  fo u n d  in  dogs  i n  b o th  
Group C and D were  marked r i g h t  v e n t r i c u l a r  d i l a t a t i o n ,  m i ld  
h y p e r t r o p h y  o f  t h e  l e f t  v e n t r i c l e ,  u n i f o r m  p a l e n e s s  o f  t h e  
m yo ca rd iu m  and d i l a t a t i o n  o f  b o th  a t r i a .  H i s t o l o g i c  l e s i o n s  
i n c l u d e d  v a c u o l a t i o n  o f  m y o f i b e r s ,  l o s s  o f  m y o f i b e r s  w i t h  
h y p e r t r o p h y  o f  r e m a i n i n g  f i b e r s  and r an d o m ly  s c a t t e r e d  a r e a s  
o f  c o a g u l a t i o n  n e c r o s i s .
H i s t o c h e m i c a l  s t a i n s  f o r  s u c c i n i c  d e h y d r o g e n a s e  and 
r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  w ere  a p p l i e d  
t o  f r o z e n  s e c t i o n s  o f  h e a r t  m u s c l e .  T h e r e  was no d i f f e r e n c e s  
i n  r e d u c e d  D P N - d i a p h o r a s e  a c t i v i t y  e x h i b i t e d  b e tw ee n  g r o u p s .  
S t a i n i n g  f o r  s u c c i n i c  d e h y d r o g e n a s e  r e v e a l e d  marked 
m i t o c h o n d r i a l  d y s f u n c t i o n  and l o s s  o f  enzyme a c t i v i t y  i n  d o g s  
i n  t h e  two c o b a l t  t r e a t e d  g r o u p s .
U l t r a s t r u c t u r a l l y ,  t h e  t r e a t e d  g r o u p s  had m i t o c h o n d r i a  
t h a t  w ere  e x t r e m e l y  s w o l l e n  w i t h  l o s s  o f  c r i s t a e .  E l e c t r o n  
d e n s e  p a r t i c l e s  w e re  s e e n  i n  some damaged m i t o c h o n d r i a .  The 
s a r c o p l a s m i c  r e t i c u l u m  and t h e  T s y s t e m  c o n t a i n e d  num erous 
d i l a t e d  v e s i c l e s  i n  c e l l s  w i t h  m i t o c h o n d r i a l  and m y o f i b r i l l a r  
dam age .  L o ss  o f  c r o s s  s t r i a t i o n s  and Z -b an d  t h i c k e n i n g  were  
p r e s e n t  i n  a f f e c t e d  f i b e r s .  L i p i d  d r o p l e t s  o f  v a r y i n g  s i z e s  
w e re  o b s e r v e d ,  some c o n t a i n i n g  d e n s e  o s m i o p h i l i c  p a r t i c l e s  a t  
t h e  p e r i p h e r y .
v i i
I n t r o d u c t i o n
I n  t h e  t i m e  p e r i o d  b e tw e e n  1965 and 1966 an u n u s u a l l y  
h i g h  i n c i d e n c e  o f  c a r d i o m y o p a t h y  was d e s c r i b e d  i n  man i n  two 
w i d e l y  s e p a r a t e d  a r e a s  i n  N o r t h  A m e r i c a ;  o n e  i n  Omaha, 
N e b r a s k a  and t h e  o t h e r  i n  Quebec  C i t y ,  Quebec ( 1 , 2 ) .  I n  1966 
a t h i r d  g r o u p  o f  m ale  p a t i e n t s  w i t h  s i m i l a r  c a r d i a c  f i n d i n g s  
was d e s c r i b e d  i n  B e lg iu m  by K e s t e l o o t  e_t a]L. ( 3 ) .  P a t i e n t s  
f ro m  a l l  t h r e e  l o c a t i o n s  w ere  i n  good h e a l t h  f rom  as  long  as  
3 m on ths  up t o  a  week p r i o r  t o  a d m i s s i o n  t o  h o s p i t a l s .  
A n o r e x i a ,  n a u s e a  and d i a r r h e a  were  o f t e n  t h e i r  f i r s t  
sym ptoms.  The i n v o l v e d  men w ere  b e tw e e n  t h e  a g e s  o f  25 and 
75 y e a r s .  The a c c o m p a n y in g  p h y s i c a l  s i g n s  were  t a c h y c a r d i a ,  
g a l l o p  r h y t h m ,  d i s t e n s i o n  o f  t h e  n eck  v e i n s ,  p u lm o n a ry  and 
p e r i p h e r a l  edem a,  b a s a l  r a l e s  and h e p a t o m e g a l y .  The s e v e r i t y  
o f  d i s e a s e  v a r i e d  f rom  m i l d  c o n g e s t i v e  h e a r t  f a i l u r e ,  which  
r e s p o n d e d  t o  t h e r a p y ,  t o  u n r e s p o n s i v e  c a r d i o g e n i c  sh o c k  t h a t  
r e s u l t e d  in  d e a t h .  A p p r o x i m a t e l y  f i f t y  p e r c e n t  o f  t h e  
p a t i e n t s  d i e d  a f t e r  a d m i s s i o n  t o  h o s p i t a l s  in  Omaha and 
Q uebec .  No d e a t h s  w ere  r e p o r t e d  in  B e lg iu m .  The c o u r s e  o f  
t h e  d i s e a s e  i n  t h e  s u r v i v o r s  v a r i e d  f rom r e c o v e r y  to  c h r o n i c  
c o n g e s t i v e  h e a r t  f a i l u r e  ( 4 , 5 , 6 , 7 ) .
The p a t i e n t s  p o s s e s s e d  common f e a t u r e s  in  N o r t h  A m e r ic a :  
a l l  l a c k e d  e v i d e n c e  o f  any p r e v i o u s  c a r d i a c  d i s e a s e ,  a l l  w e re  
f ro m  an e c o n o m i c a l l y  d e p r e s s e d  r e g i o n  and a l l  had consumed 
l a r g e  q u a n t i t i e s  o f  a  l o c a l l y  b rew ed b e e r  p r i o r  t o  t h e  o n s e t  
o f  sym ptom s.
I n v e s t i g a t i o n  o f  t h e  b e e r s  p r o v e d  t h a t  t h e y  c o n t a i n e d  
q u a n t i t i e s  o f  c o b a l t  i n  t h e  fo rm  o f  c o b a l t  s u l f a t e  ( 5 ) .
3Foam was c o n s i d e r e d  an e s s e n t i a l  f e a t u r e  o f  b e e r  and t h e  
l a c k  was a  p r o b l e m  w i t h  t a p  b e e r .  Foam c o u l d  be added  and 
s t a b i l i z e d  by t h e  a d d i t i o n  o f  c o b a l t  c h l o r i d e  d u r i n g  t h e  
m a n u f a c t u r i n g  p r o c e s s .  The c o b a l t - a d d i t i v e  p r o c e s s  was 
p a t e n t e d  by a D a n i s h  i n d u s t r i a l  f i r m  (5) and l e a s e d  t o  a f i r m  
in  a l a r g e  m i d w e s t e r n  c i t y  w h ich  made t h e  p r o c e s s  a v a i l a b l e  
t o  A m e r ic an  b r e w e r i e s .  P r e l i m i n a r y  a n im a l  e x p e r i m e n t s  were  
c o n d u c t e d  and fo u n d  t o  be n e g a t i v e  f o r  s i d e  e f f e c t s  due t o  
c o b a l t  and b r e w e r i e s  were  a u t h o r i z e d  t o  add 1 t o  1 . 5  ppm (1 
t o  1 . 5  mg/L) t o  b e e r .  L o c a l  b r e w e r i e s  i n  Quebec  C i t y ,
C a n a d a ,  Omaha, N e b r a s k a  and M i n n e a p o l i s ,  M i n n e s o t a  added 
c o b a l t  t o  t h e i r  b e e r .  I t  h a s  b een  e s t i m a t e d  t h a t  f ro m  20 t o  
25 p e r c e n t  o f  a l l  b e e r  s o l d  i n  t h e  U n i t e d  S t a t e s  b e tw ee n  1964 
and 1966 c o n t a i n e d  c o b a l t .  S u l l i v a n ,  P a r k e r  and  C a r s o n  (8)  
fo u n d  f ro m  1 .1  t o  1 . 2  ppm i n  t h e  s u s p e c t e d  b e e r  i n  Omaha and
l e s s  t h a n  1ppm i n  t h e  b e e r  i n  Q ue b ec .  K e s t e l o o t ,  et_ c d .  (5)
v e r i f i e d  t h a t  many b r e w e r i e s  i n  B e lg iu m  u se d  c o b a l t  in  
am oun ts  v a r y i n g  f ro m  0 . 5  t o  5 . 5  ppm.
When t h e  p r e s e n c e  o f  c o b a l t  i o n s  i n  b e e r  was made known 
i n  Q u e b ec ,  i t  was banned  f rom b e e r  p r o c e s s i n g .  S i n c e  t h e n  no 
new t o x i c i t y  c a s e s  h a v e  b een  r e p o r t e d .
K e s t e l o o t ,  et_ <al. (3 )  s t u d i e d  t h e  c l i n i c a l  a s p e c t s  o f  
c o b a l t  c a r d i o m y o p a t h y  in  man and r e p o r t e d  n o rm al  o r  low
c a r d i a c  o u t p u t  in  a l l  c a s e s ,  and r i g h t  and l e f t  h e a r t  f a i l u r e
i n  some. M o r in ,  e t  ajL. (6 )  f o l l o w e d  w i t h  a  s i m i l a r  s t u d y  
w h ich  showed an e l e v a t e d  r i g h t  a t r i a l  p r e s s u r e  a t  r e s t  i n  
t h r e e  o f  e i g h t  p a t i e n t s  and f i v e  p a t i e n t s  w i t h  a r a i s e d  l e f t
v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e .  However g i a n t  "A" waves  
w ere  e n c o u n t e r e d  and may h av e  a c c o u n t e d  f o r  t h e  h i g h  v a l u e s .  
A bnorm al  r e s p o n s e s  t o  e x e r c i s e  were  r e p o r t e d  i n  a l l  t h e  
p a t i e n t s  s t u d i e d .  A l e x a n d e r  (4 )  r e p o r t e d  e l e v a t e d  r i g h t  
a t r i a  p r e s s u r e s  and marked e l e v a t i o n  o f  t h e  p u lm o n a ry  
c a p i l l a r y  wedge p r e s s u r e .  T h ese  hemodynamic  s t u d i e s  showed 
n o r m a l  o r  low c a r d i a c  o u t p u t ,  d i m i n i s h e d  m y o c a r d i a l  
c o m p l i a n c e  and a b s e n c e  o f  m y o c a r d i a l  r e s p o n s e  t o  e x e r c i s e .
K e s t e l o o t ,  e t  a l .  (3 )  d e s c r i b e d  s i n u s  t a c h y c a r d i a  w i t h  
i n f r e q u e n t  a r r h y t h m i a s  i n  p a t i e n t s  w i t h  c o b a l t  
c a r d i o m y o p a t h y . He r e c o r d e d  r e s i d u a l  e l e c t r o c a r d i o g r a p h i c  
c h a n g e s  i n  e l e v e n  p a t i e n t s  o v e r  a t h r e e  y e a r  f o l l o w - u p  
p e r i o d .  T e t u  and Samson (9)  w e re  c o n v i n c e d  t h a t  t h e  m a j o r i t y  
o f  t h e  a b n o r m a l i t i e s  d i s a p p e a r e d  i n  t h e i r  p a t i e n t s  i n  Q uebec .  
How ever ,  S u l l i v a n ,  et: a l .  (1 0 )  r e p o r t e d  t h a t  a p p r o x i m a t e l y  
one  h a l f  o f  t h e i r  p a t i e n t s  showed r e s i d u a l  c h a n g e s  i n c l u d i n g  
R a x i s  d e v i a t i o n ,  low QRS com p lex  v o l t a g e s  and a b n o rm a l  P 
w a v e s .  L a t e r  A l e x a n d e r  (4 )  fo u n d  s i n u s  t a c h y c a r d i a  and a low 
QRS a m p l i t u d e  i n  n e a r l y  a l l  c a s e s  i n  a s t u d y  in  M i n n e a p o l i s .
H e a r t  l e s i o n s  i n  man h a v e  been  e x t e n s i v e l y  d o c um en ted  i n  
Quebec  ( 1 1 , 1 2 ) ,  Omaha ( 1 0 , 1 3 )  and M i n n e a p o l i s  ( 4 ) .  The 
p e r i c a r d i u m  u s u a l l y  c o n t a i n e d  f ro m  200 t o  2000 cc  o f  c l e a r  
f l u i d  ( 2 , 1 1 , 1 2 ) .  In  a l l  c a s e s ,  ( 2 , 3 , 4 , 1 0 , 1 1 , 1 2 , 1 3 )  t h e  h e a r t  
was e n l a r g e d  and d i l a t e d .  The m y o ca rd iu m  was p a l e  and f l a b b y  
w i t h  t h e  o c c a s i o n a l  m u r a l  t h r o m b i  b e in g  o b s e r v e d .  E x t r a ­
c a r d i a c  l e s i o n s  i n c l u d e d  p e r i c a r d i a l  and p l e u r a l  e f f u s i o n s ,  
t h r o m b o e m b o l i s m ,  a s c i t e s ,  and c e n t r o l o b u l a r  h e p a t i c
5c o n g e s t i o n .
H i s t o l o g i c  l e s i o n s  fo u n d  d u r i n g  e x a m i n a t i o n  o f  t h e  
h e a r t s  f ro m  human c a s e s  i n c l u d e d  h y a l i n e  n e c r o s i s  and 
v a c u o l a r  d e g e n e r a t i o n  o f  c a r d i a c  m y o c y te s  i n  t h e  w a l l s  o f  a l l  
c h a m b e r s .  M u l t i p l e  s m a l l  v a c u o l e s  and empty s a r c o l e m m a l  
s h e a t h s  g a v e  t h e  m u s c le  a " m o t h - e a t e n "  a p p e a r a n c e .  A l e x a n d e r  
(4 )  r e p o r t e d  t h a t  s i x  o f  t e n  b i o p s y  s p e c im e n s  a p p e a r e d  n o rm a l  
on l i g h t  m i c r o s c o p y .  O t h e r  r e p o r t e d  ( 1 0 , 1 1 , 1 2 , 1 3 )  h i s t o l o g i c  
l e s i o n s  i n c l u d e d  v a r i a t i o n s  i n  s t a i n i n g  p r o p e r t i e s  and s i z e  
o f  t h e  m u s c le  f i b e r s ,  d e c r e a s e  i n  t h e  m y o f i b r i l  m a s s ,  
i n t e r s t i t i a l  edema and a b s e n c e  o f  a c e l l u l a r  i n f l a m m a t o r y  
r e a c t i o n .
I n  c o n t r a s t  t o  l i g h t  m i c r o s c o p y ,  e l e c t r o n  m i c r o s c o p i c  
c h a n g e s  w ere  fo u n d  i n  h e a r t s  f rom a l l  p a t i e n t s  s t u d i e d .
A u ge r  and C h e n a rd  (14)  e x a m in e d  a m y o c a r d i a l  b i o p s y  f rom one 
p a t i e n t  and o b s e r v e d  l o s s  o f  c o n t r a c t i l e  e l e m e n t s  and a few 
m i t o c h o n d r i a  c o n t a i n i n g  p a r t i c u l a t e  i n c l u s i o n s .  I n t e r s t i t i a l  
edema and g e n e r a l i z e d  s w e l l i n g  o f  t h e  s a r c o p l a s m i c  r e t i c u l u m  
w e re  p r e s e n t .  A l e x a n d e r  (15)  e x am in e d  m y o c a r d i a l  b i o p s i e s  o f  
s i x  men w i t h  b e e r  d r i n k e r s '  c a r d i o m y o p a t h y  and o b s e r v e d  t h e  
p r e s e n c e  o f  e l e c t r o n - d e n s e  d e p o s i t s  w i t h i n  e n l a r g e d  
d e g e n e r a t i n g  m i t o c h o n d r i a .  In  a d d i t i o n ,  m y o f i b e r s  had 
d i s a p p e a r e d  o r  d e g e n e r a t e d  t o  s h o r t  f r a g m e n t e d  fo rm s  which  
w ere  o r i e n t e d  in  v a r i o u s  d i r e c t i o n s .  I n c r e a s e d  num bers  o f  
l i p i d  b o d i e s  o r  v a c u o l e s  and d i l a t a t i o n  o f  t h e  s a r c o p l a s m i c  
r e t i c u l u m  was o b s e r v e d .
S e v e r a l  i n v e s t i g a t o r s  h a v e  d e s c r i b e d  u l t r a s t r u c t u r a l  
c h a n g e s  i n  human c a r d i a c  b i o p s y  m a t e r i a l  o b t a i n e d  f rom
6c h r o n i c  a l c o h o l i c s  w i t h  h e a r t  d i s e a s e  ( 1 5 , 1 6 , 1 7 ) .  I n c r e a s e d  
n um bers  o f  s w o l l e n  m i t o c h o n d r i a ,  d i l a t e d  s a r c o p l a s m i c  
r e t i c u l u m  and f r a g m e n t a t i o n  and l o s s  o f  m y o f i b e r s  were  
o b s e r v e d  i n  b i o p s y  s p e c i m e n s .  B u l l o c h ,  e t  a l .  (16)  d e s c r i b e d  
f r a g m e n t a t i o n ,  l o s s  o f  m y o f i b e r s  and g i a n t  m i t o c h o n d r i a  
c o n t a i n i n g  a l p h a  g l y c o g e n  i n  a he av y  b e e r  d r i n k e r .  H i b b s ,  et: 
a l . (17)  d e s c r i b e d  a b n o r m a l i t i e s  c o n s i s t i n g  o f  s w e l l i n g  o f  
e n d o p l a s m i c  r e t i c u l u m ,  d e g e n e r a t i v e  c h a n g e s  i n  t h e  
m y o f i b r i l s ,  i n c r e a s e d  num bers  o f  l i p o f u s c i n  g r a n u l e s  and 
l y s o s o m e - l i k e  b o d i e s ,  l a r g e  num bers  o f  l i p i d  d r o p l e t s ,  
m i t o c h o n d r i a l  s w e l l i n g  w i t h  a l t e r a t i o n s  o f  t h e  m i t o c h o n d r i a l  
c r i s t a e  and t h e  f o r m a t i o n  o f  d e n s e  i n t r a - m i t o c h o n d r i a l  
i n c l u s i o n s .
Human c o b a l t  c a r d i o m y o p a t h y  was s i m i l a r  t o  l e s i o n s  
a s s o c i a t e d  w i t h  b e r i b e r i ,  t h i a m i n e  d e f i c i e n c y  and c h r o n i c  
a l c o h o l i s m  ( 1 5 , 1 6 , 1 7 ) .  Each r e p o r t  o f  c o b a l t  c a r d i o m y o p a t h y  
s t r e s s e d  t h e  a c u t e  o n s e t  o f  t h e  d i s e a s e  compared  t o  t h e  
s l o w l y  p r o g r e s s i v e  d i s e a s e  o f  a l c o h o l i c  c a r d i o m y o p a t h y  and 
b e r i b e r i .
The c a r d i o t o x i c i t y  o f  c o b a l t  h a s  been  s u b s t a n t i a t e d  in  
a n i m a l  e x p e r i m e n t s .  A s i n g l e  o r a l  d o se  o f  CoSO^ g i v e n  t o  
r a t s  a t  100 mg p e r  kg c a u s e d  f a t t y  c h a n g e s  and h y a l i n e  
n e c r o s i s  i n  t h e  h e a r t  ( 1 8 ) .  I n  an e i g h t  week s t u d y ,  i n  which  
c o b a l t  was g i v e n  o r a l l y  t o  r a t s  (100 mg p e r  kg as  t h e  f i r s t  
d o s e ,  f o l l o w e d  by 26 mg/kg d a i l y ) ,  t h e  c a r d i a c  l e s i o n s  were  
c h a r a c t e r i z e d  by e d e m a to u s  s e p a r a t i o n  o f  c e l l s ,  f a t  d r o p l e t s  
i n  m y o c y t e s ,  d e c r e a s e  i n  number o f  m y o f i b r i l s  and m in im a l
7c e l l u l a r  r e s p o n s e  ( 1 9 , 2 0 ) .  C o r r e l a t i o n  b e tw ee n  e l e c t r o ­
c a r d i o g r a p h i c  c h a n g e s  and l e s i o n s  i n  h e a r t s  o f  r a t s  
d e m o n s t r a t e d  t h a t  t h e  e l e c t r o c a r d i o g r a m  a c c u r a t e l y  r e f l e c t e d  
t h e  d e g r e e  o f  m y o c a r d i a l  damage ( 2 1 ) .  An i n c r e a s e d  T wave 
was a c c o m p a n ie d  by m y o f i b e r  d e g e n e r a t i o n ,  i n t e r s t i t i a l  edema 
and c e l l  i n f i l t r a t i o n .  When no c h a n g e s  w e re  s e e n  i n  t h e  
e l e c t r o c a r d i o g r a m s ,  m in im a l  o r  no l e s i o n s  were  o b s e r v e d  
h i s t o l o g i c a l l y .
L in  and D u f fy  (22 )  i n j e c t e d  5 mg/kg c o b a l t  n i t r a t e  
i n t r a p e r i t o n a l l y  i n t o  r a t s  a t  s c h e d u l e d  i n t e r v a l s  and 
d e s c r i b e d  t h e  u l t r a s t r u c t u r a l  l e s i o n s  fo u nd  in  t h e  
m yo ca rd ium .  M i t o c h o n d r i a l  s w e l l i n g ,  d i l a t e d  s a r c o p l a s m i c  
r e t i c u l u m  and a s l i g h t  i n c r e a s e  i n  number o f  l i p i d  d r o p l e t s  
was o b s e r v e d  a f t e r  t e n  h o u r s .  F o c a l  d i s s o l u t i o n  o f  
m y o f i l a m e n t s  was s e e n  a f t e r  17 h o u r s  and was more p r o n o u n c e d  
a f t e r  30 h o u r s .  I n  a d d i t i o n ,  g e n e r a l i z e d  e n l a r g e m e n t  o f  t h e  
m i t o c h o n d r i a  a s s o c i a t e d  w i t h  d e n s e  m a t r i c e s  was o b s e r v e d .
H a l l  and S m i th  (2 3 )  i n j e c t e d  CoCl^  a t  a d o s e  o f  15 t o  
24 mg/kg s u b c u t a n e o u s l y  e a c h  day f o r  10 -14  d a y s  and p r o d u c e d  
m u l t i f o c a l  m y o c a r d i a l  d e g e n e r a t i o n  i n  r a b b i t s .  The h e a r t s  
had m u l t i f o c a l  a r e a s  o f  m y o f i b r i l  s e p a r a t i o n ,  d i s s o l u t i o n  o f  
m y o f i b r i l s  and m y o c y t i c  v a c u o l a t i o n  w i t h o u t  an i n f l a m m a t o r y  
r e a c t i o n .  They d e s c r i b e d  u l t r a s t r u c t u r a l  c h a n g e s  as  
s e p a r a t e d  m y o f i b r i l s ,  l a c k  o f  d i s t i n c t  Z -b an d s  and s w o l l e n  
m i t o c h o n d r i a  w i t h  d i s r u p t e d  c r i s t a e .
M o h iud d in  e t  a l .  (24)  d o s e d  g u i n e a  p i g s  o r a l l y  w i t h  
c o b a l t  a t  a r a t e  o f  20 mg/kg d a i l y  f o r  f i v e  w e e k s .  The
8g u i n e a  p i g s  d e v e l o p e d  c a r d i o m e g a l y , p e r i c a r d i a l  e f f u s i o n  and 
an i n c r e a s e  i n  h e a r t  w e i g h t .  H i s t o l o g i c a l l y ,  t h e  m y o c y te s  
h ad  a r e d u c t i o n  o f  f i b r i l l a r  m a t e r i a l ,  m u l t i p l e  v a c u o l e s  and 
an i n c r e a s e d  number o f  l i p i d  d r o p l e t s  and g l y c o g e n .  A b r i e f  
d e s c r i p t i o n  o f  u l t r a s t r u c t u r a l  l e s i o n s  i n  t h e  g u i n e a  p i g  
i n c l u d e d  f r a g m e n t e d  m y o f i l a m e n t s  and d i s f i g u r e d  m i t o c h o n d r i a .  
D i l a t e d  s a r c o p l a s m i c  r e t i c u l u m  and num erous  l i p i d  d r o p l e t s  
w ere  a l s o  r e p o r t e d .
Van V l e e t ,  e t  a l .  (25)  p r o d u c e d  a c u t e  c a r d i o t o x i c i t y  in  
sw in e  by a d m i n i s t e r i n g  100 mg/kg o f  c o b a l t  o r a l l y  e a c h  day 
f o r  t h r e e  d a y s  t o  e a c h  p i g .  The m y o c a r d i a l  damage was 
p r i m a r i l y  i n  t h e  a t r i a .  U l t r a s t r u c t u r a l l y ,  h y p e r c o n t r a c t i o n  
b a n d s  w ere  p r e s e n t ,  w i t h  n e c r o t i c  f i b e r s  and d i s t i n c t i v e  
a c c u m u l a t i o n s  o f  e l e c t r o n  d e n s e  g r a n u l a r  m a t e r i a l  i n  
m i t o c h o n d r i a .  The m i t o c h o n d r i a l  m a t e r i a l  was shown, by x - r a y  
m i c r o a n a l y s i s ,  t o  r e p r e s e n t  d e p o s i t s  o f  c a l c i u m  and 
p h o s p h o r u s .
H o s s e i n ,  e t  a^l. (26)  r e c e n t l y  r e p o r t e d  an e x p e r i m e n t a l  
model  o f  c o b a l t  c a r d i o m y o p a t h y  i n  m o n g re l  dogs  f e d  a p r o t e i n  
and t h i a m i n e  d e f i c i e n t  d i e t .  Each day f o r  t h i r t y  d a y s  a  d o se  
o f  1 2 .5  mg/kg o f  c o b a l t  c h l o r i d e  was i n j e c t e d  i n t r a m u s c u l a r l y  
i n t o  e a c h  d o g .  G r e e n b e r g ,  e t  a l .  (2 7 )  r e p o r t e d  t h e  l i g h t  
m i c r o s c o p i c  l e s i o n s  i n  t h e  h e a r t s  o f  t h e s e  dogs  t o  be 
c h a r a c t e r i z e d  by i n t e r c e l l u l a r  edem a,  h y d r o p i c  d e g e n e r a t i o n  
w i t h  l o s s  o f  c r o s s  s t r i a t i o n s  and f r e q u e n t  a c c u m u l a t i o n  o f  
l i p o c h r o m e  p i g m e n t  a ro u n d  t h e  m y o c a r d i a l  c e l l  n u c l e i .
E x p e r i m e n t s  hav e  been  p e r f o r m e d  t o  d e t e r m i n e  t h e
s i g n i f i c a n c e  o f  f a c t o r s  t h a t  s e n s i t i z e  t h e  m yocard ium  t o  t h e  
e f f e c t  o f  c o b a l t .  W ib e r g ,  et^ a l .  (28)  d e m o n s t r a t e d  t h a t  
m i t o c h o n d r i a  i s o l a t e d  f rom h e a r t s  o f  c o b a l t  t r e a t e d  a n i m a l s  
w ere  u n a b l e  t o  u t i l i z e  p y r u v a t e  and c e r t a i n  f a t t y  a c i d s .  The 
a d d i t i o n  o f  l i p o i c  a c i d  t o  t h e  iri v i t r o  s y s t e m  r e s t o r e d  t h e i r  
c a p a c i t y  t o  o x i d i z e  t h e s e  s u b s t a n c e s .  T h i s  i n d i c a t e d  t h a t  
c o b a l t  r e a c t s  w i t h  s u l f h y d r a l  g r o u p s  o f  d i h y d r o l i p o i c  a c i d  
t h u s  p r e v e n t i n g  o x i d a t i v e  d e c a r b o x y l a t i o n  o f  p y r u v a t e  t o
a c e t y l  coenzyme A and a l p h a  k e t o g l u t a r a t e  t o  s u c c i n y l  CoA.
A d m i n i s t r a t i o n  o f  c o b a l t  t o  t h i a m i n e  d e f i c i e n t  a n i m a l s  d i d  
n o t  a c c e n t u a t e  t h i s  m e t a b o l i c  i m p a i r m e n t  o f  t h e  m i t o c h o n d r i a .  
A sh b u rn  and Lowry (2 9 )  had p r e v i o u s l y  d e s c r i b e d  s e v e r e  a t r i a l  
l e s i o n s  i n  o n l y  t h i a m i n e  d e f i c i e n t  w e a n l i n g  a l b i n o  r a t s .  
How ever ,  G r i c e ,  e t  a l .  (20)  d e m o n s t r a t e d  t h a t  t h e  t o x i c i t y  o f
c o b a l t  c o u l d  be e n h a n c e d  by a d m i n i s t e r i n g  i t  t o  t h i a m i n e
d e f i c i e n t  r a t s .  T h e s e  s t u d i e s  i n d i c a t e d  t h a t  t h i a m i n e  
d e f i c i e n c y  and c o b a l t  p r o b a b l y  work on t h e  two coenzymes 
t h i a m i n e  p y r o p h o s p h a t e  and d i h y d r o l i p o i c  a c i d  i n t e r f e r i n g  
w i t h  o x i d a t i o n  o f  p y r u v a t e  and a l p h a  k e t o g l u t a r a t e .
The s t r u c t u r a l  i n t e g r i t y  o f  t h e  m yocard ium  d e p e n d s  on 
a d e q u a t e  p r o t e i n ,  c a l o r i e  and m i n e r a l  i n t a k e .  A l l  t h r e e  
f a c t o r s  w e re  p r o b a b l y  d e f i c i e n t  i n  human p a t i e n t s  w i t h  c o b a l t  
c a r d i o m y o p a t h y .  P r o t e i n  d e f i c i e n c y  was c o n s i d e r e d  t o  be t h e  
c a u s e  o f  c a r d i o m y o p a t h y  in  i n f a n t s  and c h i l d r e n  (30 )  and i n  
e x p e r i m e n t a l l y  i n d u c e d  c a r d i o m y o p a t h y  (31)  i n  m onkeys .  A 
s i m i l a r  d i s e a s e  h a s  been  i n d u c e d  in  g u i n e a  p i g s  by f e e d i n g  a 
t r y p t o p h a n  d e f i c i e n t  d i e t  ( 3 2 ) .
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When r a t s  were  f e d  a low p r o t e i n  d i e t  and d o se d  w i t h  
c o b a l t  o r a l l y ,  a s e v e r e  c a r d i o m y o p a t h y  d e v e l o p e d  t h a t  was 
c h a r a c t e r i z e d  by a d i f f u s e  v a c u o l a t i o n  o f  t h e  m y o cy te s  ( 1 8 ) .  
W ib e rg ,  et: a l ^  (33)  r e p o r t e d  t h a t  amino a c i d s  p r o v i d e d  
p r o t e c t i o n  a g a i n s t  c o b a l t  s i n c e  b o t h  amino and s u l f h y d r y l  
g r o u p s  com plex  w i t h  c o b a l t  i o n s  and d e c r e a s e  t h e i r  
g a s t r o i n t e s t i n a l  a b s o r p t i o n .
M o h iu d d in ,  e t  a l .  (24)  f e d  one  g r o u p  o f  g u i n e a  p i g s  2 gm 
o f  e t h a n o l  i n  a l i q u i f i e d  d i e t  i n  a d d i t i o n  t o  c o b a l t  
20 m g /k g / d a y  and c o u l d  n o t  d e m o n s t r a t e  any a d d i t i o n a l  
t o x i c i t y .  S i m i l a r l y  W ib e r g ,  et_ a l .  (3 3 )  fo u n d  t h a t  t h e  
a d d i t i o n  o f  6 p e r c e n t  e t h a n o l  t o  t h e  d r i n k i n g  w a t e r  i n  r a t s  
had no e f f e c t  on t h e  a c u t e  t o x i c i t y  o r  c a r d i a c  l e s i o n s  
p r o d u c e d  by c o b a l t .
C h r o n i c  e t h a n o l  a d m i n s t r a t i o n  a d v e r s e l y  a f f e c t s  t h e  
u l t r a s t r u c t u r e  and p e r f o r m a n c e  o f  t h e  h e a r t  i n  man ( 3 4 ) .  
C l i n i c a l  o r  s u b c l i n i c a l  h e a r t  damage which  d e v e l o p e d  from 
c h r o n i c  e t h a n o l  i n t a k e  and m a l n u t r i t i o n  o v e r  a  lo n g  p e r i o d  o f  
t i m e  b e f o r e  c o b a l t  c o n s u m p t i o n  would  have  been  m a n i f e s t e d  as  
a s l o w l y  p r o g r e s s i v e  d i s e a s e  c h a n g in g  t o  an a c u t e  d i s e a s e  
f o l l o w i n g  c o b a l t  c o n s u m p t i o n .
T h e r e  a r e  a number o f  p o s s i b l e  ways t h a t  c o b a l t  may 
p r o d u c e  i t s  c a r d i o t o x i c  e f f e c t s .  C o b a l t  s p e c i f i c a l l y  r e a c t s  
w i t h  SH g r o u p s  o f  d i h y d r o l i p o i c  a c i d  t h u s  p r e v e n t i n g  
o x i d a t i v e  d e c a r b o x y l a t i o n  o f  p y r u v a t e  t o  a c e t y l  coenzyme A 
and a l p h a -  k e t a g l u t a r a t e  t o  s u c c i n y l  CoA i n  t h e  c i t r i c  a c i d  
c y c l e  ( 2 0 ) .  T h ese  two s t e p s  r e q u i r e  a  number o f  c o en z y m e s ,
i n c l u d i n g  t h i a m i n e  p y r o p h o s p h a t e  and l i p o i c  a c i d .  C o b a l t ,  
a l s o ,  m ig h t  com pe te  w i t h  o t h e r  m e t a l  i o n s  f o r  a b s o r p t i o n  f rom  
t h e  g a s t r o i n t e s t i n a l  t r a c t ,  p o s s i b l y  p r o d u c i n g  a  d e f i c i e n c y  
o f  e s s e n t i a l  i o n s  su c h  as  i r o n ,  z i n c ,  m agnes ium  a n d / o r  o t h e r  
t r a c e  m e t a l s  ( 3 5 ) .
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The s p e c i f i c  o b j e c t i v e s  o f  t h i s  r e s e a r c h  p r o j e c t  a r e :
1. t o  p r o d u c e  e x p e r i m e n t a l  c o b a l t  c a r d i o m y o p a t h y  i n  d o gs  and 
t o  d e s c r i b e  t h e  c l i n i c a l  and p h y s i o l o g i c  c h a n g e s  i n  t h i s  
e x p e r i m e n t a l  model f rom  t h e  o n s e t  o f  t h e  d i s e a s e  u n t i l  
end  s t a g e  c o n g e s t i v e  h e a r t  f a i l u r e  o c c u r r e d ;
2 .  t o  d e s c r i b e  t h e  g r o s s ,  h i s t o l o g i c ,  h i s t o c h e m i c  and 
u l t r a s t r u c t u r a l  c h a n g e s  i n  t h e  h e a r t s  o f  t h e s e  d o g s ;  a t  
t h e  t e r m i n a t i o n  o f  t h e  p r o j e c t .
3 .  and t o  e v a l u a t e  c o l l e c t e d  d a t a  f o r  t h e  p u r p o s e  o f  
d e t e r m i n i n g  w h e t h e r  e x p e r i m e n t a l  c o b a l t  c a r d i o m y o p a t h y  i n  
t h e  dog can  s e r v e  as  an a p p r o p r i a t e  model f o r  n a t u r a l l y -  
o c c u r r i n g  c a r d i o m y o p a t h y  in  dogs  and man.
C hap ter  I
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A C o n t i n u o u s  I n f u s i o n  Method 
f o r  P r o d u c t i o n  o f  E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
i n  t h e  Dog
14
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I n t r o d u c t i o n
E x p e r i m e n t a l  m o de ls  o f  c a r d i o m y o p a t h y  have  been  p r o d u c e d  
and s t u d i e d  i n  s e v e r a l  s m a l l  l a b o r a t o r y  a n im a l  s p e c i e s  
( 1 8 , 1 9 , 2 0 , 2 1 , 2 3 , 2 4 ) .  U n t i l  r e c e n t l y  a t t e m p t s  t o  p r o d u c e  a 
c l i n i c a l  model  o f  c a r d i o m y o p a t h y  in  a l a r g e  a n im a l  su ch  a s  
t h e  dog h a v e  been  l a r g e l y  u n s u c c e s s f u l .  V a r i o u s  e x p e r i m e n t a l  
m e th o d s  hav e  been  t r i e d .  T h ese  i n c l u d e d  u s i n g  v i r u s e s ,  
a l c o h o l ,  a n t i n e o p l a s t i c  d r u g s ,  v a s o d i l a t i n g  a n t i h y p e r t e n s i v e  
a g e n t s  and v a r i o u s  d i e t a r y  d e f i c i e n c i e s .  (35)
R e c e n t l y  an e x p e r i m e n t a l  model o f  c a r d i o m y o p a t h y  was 
p r o d u c e d  i n  m o n g re l  dogs  u s i n g  1 2 .5  mg/kg o f  c o b a l t  s u l f a t e  
i n t r a m u s c u l a r l y  e ac h  day  f o r  21 c o n s e c u t i v e  d a y s  ( 2 6 ) .  O t h e r  
m e th o d s  o f  a d m i n i s t r a t i o n  o f  c o b a l t  i n c l u d e d  d a i l y  
i n t r a v e n o u s  i n j e c t i o n s ,  o r a l  t u b e  f e e d i n g  o r  i n t r a p e r i t o n e a l  
i n j e c t i o n s  ( 2 6 , 2 7 ) .  C o b a l t  a d m i n i s t r a t i o n  was foun d  t o  
p r o d u c e  more s e v e r e  h e a r t  l e s i o n s  when t h e  do g s  were  
m a i n t a i n e d  on a p r o t e i n  and t h i a m i n e  d e f i c i e n t  d i e t .
T h i s  r e p o r t  d e s c r i b e s  a c o n t i n u o u s  i n f u s i o n  method f o r  
p r o d u c i n g  c o b a l t  c a r d i o m y o p a t h y  i n  d o g s .  I t  i n v o l v e s  a 
t e t h e r i n g  s y s t e m  com bined  w i t h  a c h r o n i c  i n d w e l l i n g  v e n o u s  
c a t h e t e r  w h ich  p e r m i t s  s lo w  a d m i n i s t r a t i o n  o f  c o b a l t  
c h l o r i d e .  A c l i n i c a l  model o f  c a r d i o m y o p a t h y  was p r o d u c e d  
wh ich  e l i m i n a t e d  t h e  d e b i l i t a t i n g  e f f e c t s  a s s o c i a t e d  w i t h  
c o b a l t  t o x i c i t y  e n c o u n t e r e d  w i t h  o t h e r  m e th od s  o f  c o b a l t  
a d m i n i s t r a t i o n .
A m a j o r  a d v a n t a g e  o f  t h e  s y s t e m  was t h e  a b i l i t y  t o  
i n j e c t  c o b a l t  v e r y  s l o w l y  o v e r  a long  p e r i o d  o f  t im e  and t o
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r e c o r d  v a r i o u s  c a r d i o v a s c u l a r  p a r a m e t e r s  i n  t h e  a b s e n c e  o f  
o t h e r  s y s t e m i c  s i d e  e f f e c t s .
M a t e r i a l s  and M eth od s
E l e v e n  m o n g re l  do gs  w e ig h in g  14 -20  kg w ere  p l a c e d  on a 
p r o t e i n  and t h i a m i n e  d e f i c i e n t  d i e t  ( 3 6 ) .  Under  h a l o t h a n e  
a n e s t h e s i a  u s i n g  s t e r i l e  s u r g i c a l  t e c h n i q u e s ,  a  p o l y v i n y l  
c h l o r i d e  c a t h e t e r  ( 1 / 1 6 "  ID, 1 /8 "  OD) was p a s s e d  r e t r o g r a d e  
i n t o  t h e  p o s t e r i o r  v e n a  c a v a  t o  a p o i n t  j u s t  a n t e r i o r  t o  t h e  
b i f u r c a t i o n  o f  t h e  v e n a  c av a  v i a  a s m a l l  i n c i s i o n  i n  t h e  
r i g h t  f e m o r a l  v e i n  ( F i g .  1 ) .  The r i g h t  f e m o r a l  v e i n  
p o s t e r i o r  t o  t h e  i n c i s i o n  was l i g a t e d .  Each c a t h e t e r  was 
p a s s e d  t h r o u g h  a  h o r s e s h o e - s h a p e d  r i g i d  p o l y e t h y l e n e  c u f f  a t  
t h e  s i t e  o f  v e n o u s  i n s e r t i o n .  The c u f f  was u se d  t o  a n c h o r  
t h e  c a t h e t e r  t o  a d j a c e n t  s k e l e t a l  m u sc le  f o r  s t a b i l i t y  and 
s t r a i n  r e l i e f  and p r o v i d e d  a smooth t r a n s i t i o n  i n t o  t h e  
f e m o r a l  v e i n  c r a n i a l l y .  The f r e e  end o f  t h e  c a t h e t e r  p a s s e d  
s u b c u t a n e o u s l y  f ro m  t h e  a b d o m in a l  a r e a  t o  t h e  dorsum  o f  t h e  
dog w here  i t  e x i t e d  v i a  a  s m a l l  i n c i s i o n  b e tw ee n  t h e  
s c a p u l a e .
The c a t h e t e r  was f i l l e d  w i t h  h e p a r i n  (1000 u n i t s / c c ) .  A 
body b a n d a g e ,  composed o f  a c o t t o n  t u b u l a r  s t o c k i n e t ,  was 
t h e n  p l a c e d  a ro u n d  t h e  body w i t h  h o l e s  c u t  f o r  t h e  f r o n t  
l e g s .
A f t e r  r e c o v e r y  t h e  dog was p u t  in  a c a n v a s  body j a c k e t ,  
c o n f i n e d  in  a m e t a b o l i c  c ag e  and s p r i n g  t e t h e r e d  t o  t h e  f o u r  
c o r n e r s  o f  t h e  c a g e  t o  i n h i b i t  r o t a t i o n a l  movement ( F i g .  2 ) .
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F i g .  1 P l a c e m e n t  o f  v e n o u s  c a t h e t e r  i n  p o s t e r i o r  v e n a  c a v a  
v i a  i n c i s i o n  i n  f e m o r a l  v e i n .  The h o r s e s h o e - s h a p e d  
c u f f  a t  t h e  i n c i s i o n  was u se d  t o  s e c u r e  c a t h e t e r  t o  
v e s s e l  and a d j a c e n t  s k e l e t a l  m u s c l e .
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F i g .  2 View o f  dog i n  m e t a b o l i s m  c ag e  w i t h  a c a n v a s  body 
j a c k e t  w h ich  i s  a t t a c h e d  t o  t h e  s i d e s  o f  t h e  c a g e  
w i t h  f o u r  s p r i n g s  (A ) .  The l a r g e  r u b b e r  c o n d u i t  (B) 
p r o v i d e d  t h e  r o u t e  f o r  t h e  v e n o u s  c a t h e t e r  t o  go f rom  
t h e  dog t o  t h e  t o p  o f  t h e  cage  and p r o t e c t e d  t h e  
c a t h e t e r  f rom  t h e  s u b j e c t .
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The v e n o u s  c a t h e t e r  p a s s e d  o u t  o f  t h e  cag e  v i a  a  t h i c k  w a l l e d  
r u b b e r  c o n d u i t  and c o n n e c t e d  t o  a v a r i a b l e  r a t e  i n f u s i o n  
pumpa . The i n f u s i o n  r a t e  was 1 2 .5  ml p e r  h o u r  o f  a 0.17% 
s o l u t i o n  o f  c o b a l t  c h l o r i d e b . T h i s  am ounted  t o  a  d o s a g e  o f  
0 . 5 0  g ram s  o f  c o b a l t  i n  300 cc  o f  s t e r i l e  s a l i n e  o v e r  a 24 
h o u r  p e r i o d .
The v e n o u s  c a t h e t e r  was f i l l e d  w i t h  h e p a r i n  (1000 
u n i t / c c )  b e tw ee n  i n f u s i o n s .  Each dog was i n f u s e d  t w i c e  
w e e k ly  w i t h  0 .5 0  g r a m s  o f  c o b a l t  c h l o r i d e  f o r  up to  t e n  
w e e k s .  D u r in g  t h i s  p e r i o d  p h y s i c a l  e x a m i n a t i o n s ,  
e l e c t r o c a r d i o g r a m s  and t h o r a c i c  r a d i o g r a p h s  were  r e c o r d e d  
w e e k l y .  P r i o r  t o  e u t h a n a s i a  e a c h  dog was a n e s t h e s i z e d  by 
i n t r a v e n o u s  sod ium  t h i a m y l a l  and l e f t  v e n t r i c u l a r  and r i g h t  
a t r i a l  p r e s s u r e s  w e re  r e c o r d e d  u s i n g  a P50 p r e s s u r e  
t r a n s d u c e r 0 .
R e s u l t s
P h y s i c a l  E x a m i n a t i o n  
A l l  do g s  d e v e l o p e d  c l i n i c a l  s i g n s  o f  c a r d i o m y o p a t h y  f o l l o w i n g  
6 weeks  o f  c o b a l t  a d m i n i s t r a t i o n .  Body w e i g h t s  r e m a in e d  
s t a b l e  d u r i n g  t h e  6 week p e r i o d  e x c e p t  f o r  a 10% l o s s  d u r i n g  
t h e  l a s t  two w e e k s .  R e c t a l  t e m p e r a t u r e s  r e m a in e d  n o rm al  
w h i l e  h e a r t  r a t e s  and r e s p i r a t o r y  r a t e s  g r e a t l y  i n c r e a s e d  
i m m e d i a t e l y  a f t e r  e a c h  c o b a l t  a d m i n i s t r a t i o n .  T h i s  i n c r e a s e
a H a r v a r d  pump, H a r v a r d  A p p a r a t u s ,  M i l l i s ,  Mass.
bC o b a l t  C h l o r i d e ,  M a l l i n c k r o d t  Chem. W orks ,  S t .  L o u i s ,  Mo.
cS t a t h a m  P 5 0 ,  S t a t h a m  I n s t r u m e n t s ,  I n c . ,  O x n a rd ,  C a l .
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r e t u r n e d  t o  n e a r  n o rm a l  b e f o r e  t h e  n e x t  c o b a l t  a d m i n i s t r a ­
t i o n .  A l l  dogs  became l e t h a r g i c  and l i s t l e s s  and d e v e l o p e d  
p o o r  t o l e r a n c e  t o  p h y s i c a l  e x e r c i s e .  A n o r e x i a  g r a d u a l l y  
i n c r e a s e d  t o w a rd  t h e  end o f  t h e  e x p e r i m e n t .  T h e r e  was 
c l i n i c a l  e v i d e n c e  o f  p u lm o n a ry  m o i s t  r a l e s ,  m i l d  a s c i t e s  and 
s l i g h t l y  e n l a r g e d  l i v e r .  Upon a u s c u l t a t i o n  m i ld  s y s t o l i c  
murmurs and p r o t o d i a s t o l i c  g a l l o p s  o f  t h e  S4 so u n d  were  h e a r d  
i n  f o u r  d o g s .  D yspnea  was common d u r i n g  t h e  l a s t  f o u r  
w e e k s .
E l e c t r o c a r d i o g r a m s
EKG's r e c o r d e d  b e f o r e  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  
w ere  n o r m a l .  The m ost  p r o m i n e n t  c h an g e  was a  w e e k ly  g r a d u a l  
l o w e r i n g  o f  t h e  QRS com plex  ( F i g .  3 ) .  R e p e a te d  EKG's 
r e v e a l e d  T-wave d e p r e s s i o n  and o c c a s i o n a l l y  i n v e r s i o n  i n  
Lead I ,  I I  and I I I .  T h e r e  was a  g r a d u a l  l e n g t h e n i n g  o f  t h e  
PR i n t e r v a l  i n  a l l  d o g s .  No v e n t r i c u l a r  a r r h y t h m i a s  were  
s e e n  in  any d o g s .
R a d i o g r a p h s
T h o r a c i c  r a d i o g r a p h s  d e m o n s t r a t e d  a  g r a d u a l l y  
i n c r e a s i n g  h e a r t  s i z e  t h r o u g h o u t  t h e  c o b a l t  i n f u s i o n  p e r i o d .  
T h i s  i n c r e a s e  i n  h e a r t  shadow s i z e  was f i r s t  d e t e c t e d  i n  t h e  
r i g h t  v e n t r i c l e  and g r a d u a l l y  p r o g r e s s e d  t o  i n c l u d e  a t r i u m .  
A l l  c h a n g e s  s e e n  w ere  g r a d u a l  and m i ld  w i t h  a  d e c r e a s e  in  
i n  h e a r t  s i z e  was o b s e r v e d  a t  t h e  t e r m i n a t i o n  o f  t h e  p r o j e c t .
D i s c u s s i o n
The p r o d u c t i o n  o f  an e x p e r i m e n t a l  model o f  c o b a l t
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F i g .  3 Two e l e c t r o c a r d i o g r a m s ,  one r e c o r d e d  b e f o r e  b e g i n n i n g  
o f  c o b a l t  i n f u s i o n ( A )  and one  a f t e r  d e v e lo p m e n t  o f  
c l i n i c a l  c a r d i o m y o p a t h y ( B ) .  S i g n i f i c a n t  c h a n g e s  s e e n  
a r e  i n c r e a s i n g  h e a r t  r a t e  and s e v e r e  l o w e r i n g  o f  QRS 
c o m p le x e s  i n  a l l  l e a d s .  ( T r a c i n g s  have  been  
r e t o u c h e d . )
c a r d i o m y o p a t h y  h a s  been  d e m o n s t r a t e d .  T h i s  method p r o v i d e s  
a s a t i s f a c t o r y  model  t o  s t u d y  t h e  p r o g r e s s i o n  o f  
c a r d i o m y o p a t h y  i n  a l a r g e  a n im a l  such  as  t h e  d o g .  P r e v i o u s  
m e th o d s  ( 2 6 , 2 7 )  u s i n g  i n t r a m u s c u l a r  i n j e c t i o n s ,  
i n t r a p e r i t o n e a l  i n j e c t i o n s  and r a p i d  i n t r a v e n o u s  i n j e c t i o n s  
had  num erous  i n h e r e n t  d i f f i c u l t i e s .  The i n t r a m u s c u l a r  
i n j e c t i o n s  w ere  f o l l o w e d  by l a r g e  a r e a s  o f  m u s c u l a r  n e c r o s i s  
and o p e n  u l c e r a t i o n s  a t  t h e  i n j e c t i o n  s i t e .  Many dogs  d i d  
n o t  s u r v i v e  t o  t h e  end o f  t h e  e x p e r i m e n t .  I n t r a p e r i t o n e a l  
i n j e c t i o n s  p r o d u c e d  n e c r o s i s  o f  t h e  p e r i t o n e a l  s u r f a c e s .  
R a p id  i n t r a v e n o u s  i n j e c t i o n s  p r o d u c e d  m in im al  l e s i o n s ,  b u t  
c a u s e d  s e v e r e  im m e d ia te  v o m i t i o n  and c h r o n i c  d i a r r h e a .
I n  t h e  method d e s c r i b e d ,  t h e  s lo w ,  c o n t i n u o u s  
i n t r a v e n o u s  i n f u s i o n  e l i m i n a t e d  t h e s e  u n d e s i r a b l e  s i d e  
e f f e c t s .  U s ing  t h e  d o s a g e  d e s c r i b e d  t h i s  method d o e s  n o t  
a p p e a r  t o  p r o d u c e  t h e  r a d i o g r a p h i c  c h a n g e s  d e s c r i b e d  f o r  
o t h e r  m e th o d s .  The r a d i o g r a p h i c  c h a n g e s  in  t h i s  s t u d y  a r e  
m in i m a l .  The EKG's and c l i n i c a l  c h a n g e s  s e e n  w ere  p r o m i n e n t  
and c o r r e l a t e d  w e l l  w i t h  o t h e r  s t u d i e s  ( 2 6 , 2 7 ) .
The model  p r o d u c e d  i s  a c l i n i c a l l y  a c c e p t a b l e  model o f  
c a r d i o m y o p a t h y .  I n  a d d i t i o n  t h e  h i g h  s u r v i v a l  r a t e  p r o v i d e s  
an o p p o r t u n i t y  t o  g a t h e r  v a l u a b l e  i n f o r m a t i o n  o v e r  a  long  
t i m e  p e r i o d .
C h a p t e r  I I
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A Model f o r  C a r d io m y o p a th y  i n  Dogs and Man
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I n t r o d u c t i o n
Many e x p e r i m e n t a l  m o d e ls  h a v e  b een  d e v e l o p e d  in  a n i m a l s  
s i m u l a t i n g  human p a t h o l o g i c  c o n d i t i o n s .  T h ese  m o d e ls  a r e  
i m p o r t a n t  b e c a u s e  t h e y  e n a b l e  us  t o  g a i n  a b e t t e r  
u n d e r s t a n d i n g  o f  t h e  d i s e a s e s  o f  man.
In  1965 i n v e s t i g a t o r s  i n  Omaha, N e b r a s k a  ( 1 ) ,  Quebec  
C i t y ,  Quebec ( 2 , 1 1 , 3 7 )  and  L o u v a i n ,  B e lg u im  ( 3 , 5 )  r e p o r t e d  an 
e p i d e m i c  o f  f a t a l  c a r d i o m y o p a t h y  in  h e av y  " b e e r  d r i n k e r s "  
w i t h  s i g n s  and symptoms c h a r a c t e r i s t i c  o f  p a t i e n t s  s u f f e r i n g  
f ro m  c a r d i o m y o p a t h y  due  t o  o t h e r  c a u s e s .  The syndrom e 
a p p e a r e d  soon  a f t e r  l o c a l  b r e w e r i e s  beg an  a d d in g  m in u t e  
q u a n t i t i e s  ( a b o u t  1 p a r t  p e r  m i l l i o n )  o f  c o b a l t  t o  s t a b i l i z e  
t h e  foam on t h e  b e e r .  No new c a s e s  w ere  r e p o r t e d  one  month 
a f t e r  t h e  p r a c t i c e  was d i s c o n t i n u e d .
S i n c e  1965 ,  e x p e r i m e n t a l  c o b a l t - i n d u c e d  c a r d i o m y o p a t h y  
h a s  b een  s t u d i e d  i n  t h e  g u i n e a  p i g  ( 2 4 ) ,  r a t  ( 1 9 , 2 0 , 2 1 , 3 8 )  
and r a b b i t  (23)  by f e e d i n g  c o b a l t  s u l f a t e  i n  t h e  d i e t .  T h ese  
s t u d i e s  c o n c l u d e d  t h a t  e x p e r i m e n t a l  c o b a l t - i n d u c e d  
c a r d i o m y o p a t h y  was s i m i l a r  t o  t h e  Quebec  " b e e r - d r i n k e r s " 
c a r d i o m y o p a t h y  ( 1 8 , 3 8 ) .
Rona and C h a p p e l  (18)  p r o d u c e d  l e s i o n s  o f  c a r d i o m y o p a t h y  
i d e n t i c a l  t o  human c o b a l t  c a r d i o m y o p a t h y  u s i n g  c o b a l t  p l u s  a 
p r o t e i n  d e f i c i e n t  d i e t  i n  S p r a g u e - D a w le y  r a t s .  They found  
t h a t  p r o t e i n  d e f i c i e n c y  a p p e a r s  t o  be one  f a c t o r  in  t h e  
p r o d u c t i o n  o f  c o b a l t  c a r d i o m y o p a t h y  w i t h  t r y p t o p h a n e ,  
D L - m e th io n in e  and L - c y s t e i n e  b e in g  t h e  c r i t i c a l  s u b s t a n c e s .  
They f u r t h e r  s t a t e d  t h a t  amino and s u l f h y d r y l  g r o u p s  o f  t h e s e
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amino a c i d s  combine  r e a d i l y  w i t h  c o b a l t  and c o m p e t i t i v e l y  
p r e v e n t  i t s  c h e l a t i o n  w i t h  s u l f h y d r y l  g r o u p s  o f  l i p o i c  a c i d  
i n  m y o c a r d i a l  t i s s u e  ( 1 8 ) .
R e c e n t l y  H o s s e i n  e t  a l .  (26 )  p r o d u c e d  c o b a l t  
c a r d i o m y o p a t h y  in  m o n g re l  dogs  on a p r o t e i n  and t h i a m i n e  
d e f i c i e n t  d i e t  by d a i l y  i n t r a m u s c u l a r  i n j e c t i o n s  o f  c o b a l t  
c h l o r i d e .  H i s t o l o g i c a l l y  c a r d i o m y o p a t h y  was s i m i l a r  t o  
c o b a l t  and a l c o h o l i c  c a r d i o m y o p a t h y  in  man ( 2 7 ) .
The o b j e c t i v e s  o f  t h i s  s t u d y  w ere  t o  d e s c r i b e  t h e  
c l i n i c a l ,  hem odynam ic ,  a n g i o c a r d i o g r a p h i c ,  g r o s s  and 
h i s t o l o g i c  f i n d i n g s  i n  dogs  w i t h  e x p e r i m e n t a l  c o b a l t - i n d u c e d  
c a r d i o m y o p a t h y . Dogs i n  t h i s  s t u d y  were  g i v e n  a c o n t i n u o u s  
i n f u s i o n  o f  c o b a l t  c h l o r i d e ,  v i a  an i n t r a v e n o u s  c a t h e t e r  i n  
t h e  f e m o r a l  v e i n  o v e r  a 24 h o u r  p e r i o d .  I n f u s i o n s  were  g i v e n  
o n l y  t w i c e  a week f o r  a t o t a l  o f  18 i n f u s i o n s  t o  i n c r e a s e  t h e  
l o n g e v i t y  o f  t h e  e x p e r i m e n t .
M a t e r i a l s  and M ethods
T w e n ty -o n e  n o rm a l  h e a r tw o r m  f r e e  m o n g re l  d o g s  were  u se d  
in  t h i s  s t u d y .  They w ere  d i v i d e d  i n t o  f o u r  g r o u p s :  5
c o n t r o l  d o g s  on a n o rm a l  d i e t  (Group A);  5 d o g s  on a p r o t e i n  
and t h i a m i n e  d e f i c i e n t  d i e t  (Group B ) ;  5 dogs  on a n o rm a l  
d i e t  w i t h  c o b a l t  i n f u s i o n s  (Group C ) ;  and 6 d o g s  on a p r o t e i n  
and t h i a m i n e  d e f i c i e n t  d i e t  w i t h  c o b a l t  i n f u s i o n s  (Group D). 
Dogs in  G ro u p s  B and D were  p l a c e d  on t h e  p r o t e i n  and 
t h i a m i n e  d e f i c i e n t  d i e t  s u p p l e m e n te d  w i t h  4% c a s e i n  10 d a y s  
b e f o r e  b e g i n n i n g  t h e  e x p e r i m e n t  ( 3 6 ) .  T h i s  d i e t  c o n t a i n e d
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4.4% c a s e i n ,  10.0% c o r n  s t a r c h ,  66.0% s u c r o s e ,  7.0% c o r n  o i l  
and 3.0% c e l l u l o s e .  The v i t a m i n  and m i n e r a l  mix was 
a p p r o m a t e l y  10.0% w i t h  no t h i a m i n e  i n  t h e  m ixa .
Dogs i n  G rou p s  C and D w ere  a n e s t h e t i z e d  w i t h  a m i x t u r e  
o f  h a l o t h a n e  and o x y g e n .  A c a t h e t e r  was i n s e r t e d  i n t o  t h e  
f e m o r a l  v e i n  t h r o u g h  a s m a l l  i n c i s i o n  i n  t h e  r i g h t  i n n e r  
t h i g h .  The c a t h e t e r  was a n c h o r e d  t o  t h e  a d j a c e n t  s k e l e t a l  
m u s c le  and p a s s e d  s u b c u t a n e o u s l y  t o  t h e  dorsum  and a n t e r i o r  
t o  t h e  s c a p u l a e  w he re  i t  e x i t e d .  T h e s e  dogs  were  m a i n t a i n e d  
i n  a m e t a b o l i s m  cag e  in  a c a n v a s  body j a c k e t  to  i n h i b i t  
r o t a t i o n a l  movement .  The c a t h e t e r  was c o n n e c t e d  to  a 
v a r i a b l e  r a t e  i n f u s i o n  pumpk. O n e - h a l f  gram  o f  c o b a l t  
c h l o r i d e  was d i s s o l v e d  i n  300 cc  o f  s t e r i l e  s a l i n e  and t h i s  
m i x t u r e  was i n f u s e d  a t  t h e  r a t e  o f  1 2 .5  ml p e r  h o u r  f o r  24 
h o u r s  i n t o  e ac h  dog t w i c e  w e e k ly  f o r  t e n  w e ek s .
The f o l l o w i n g  c r i t e r i a  u se d  by F o w le r  f o r  t h e  c l i n i c a l  
d i a g n o s i s  o f  human c a r d i o m y o p a t h y  w ere  a p p l i e d  t o  a l l  dogs  i n  
t h i s  s t u d y  ( 3 9 ) :  1) c a r d i o m e g a l y  due  t o  l e f t  v e n t r i c u l a r  o r
b i v e n t r i c u l a r  e n l a r g e m e n t ;  2) p r e s e n c e  o f  an a b n o rm a l  
e l e c t r o c a r d i o g r a m ;  3) p r e s e n c e  o f  a g a l l o p  rh y th m ;  4) 
a b s e n c e  o f  v a l v u l a r  d i s e a s e ;  and 5) a b s e n c e  o f  p u lm o n a ry  
d i s e a s e .  A l l  c r i t e r i a  were  c o n s i d e r e d  e s s e n t i a l  i n  
e s t a b l i s h i n g  t h i s  e x p e r i m e n t a l  model o f  c a r d i o m y o p a t h y .
The d o g s  in  a l l  f o u r  g r o u p s  were  exam ined  d a i l y  f o r
aT e k l a d  t e s t  d i e t ,  T e k l a d  L a b o r a t o r i e s ,  M a d iso n ,  W is .  
^ H a r v a r d  I n s t r u m e n t s ,  Q u i n c y ,  Mass .
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g e n e r a l  a p p e a r a n c e ,  w e i g h t ,  p h y s i c a l  a c t i v i t y ,  a p p e t i t e ,  
bowel f u n c t i o n ,  p u l s e  r a t e ,  r e s p i r a t o r y  r a t e  and b r e a t h  
s o u n d s .  E l e c t r o c a r d i o g r a m s  were  done  e v e r y  two weeks w i th  
each  dog in  r i g h t  l a t e r a l  r ecum bency  u s i n g  s t a n d a r d  b i p o l a r  
( I ,  I I ,  I I I )  and  au gm en ted  u n i p o l a r  (aVR, aVL, aVF) l im b  
l e a d s  ( 4 0 ) .
T h o r a c i c  r a d i o g r a p h s  were  t a k e n  once  e v e r y  two weeks in  
a l l  dogs  in  b o th  l e f t  l a t e r a l  and d o r s o v e n t r a l  p o s i t i o n s .
The h e a r t  was e v a l u a t e d  f o r  c a r d i a c  chamber  c h a n g e s  i n  b o th  
v i e w s .
C a r d i a c  c a t h e t e r i z a t i o n  was done  u n d e r  a l i g h t  p l a n e  o f  
a n e s t h e s i a  w i t h  sod ium  t h i a m y l .  C a r d i a c  c a t h e t e r s  w ere  
i n t r o d u c e d  i n t o  t h e  l e f t  v e n t r i c l e  t h r o u g h  a c a r o t i d  a r t e r y  
cu tdow n u s i n g  a s e p t i c  s u r g i c a l  t e c h n i q u e s .  L e f t  v e n t r i c u l a r  
and a o r t i c  p r e s s u r e s  were  r e c o r d e d  on a r e c o r d e r 0 u t i l i z i n g  
a  p r e s s u r e  t r a n s d u c e r ^ .  T h i s  p r o c e d u r e  was done o nce  n e a r  
t h e  end o f  t h e  e x p e r i m e n t .
A n g i o c a r d i o g r a p h i c  s t u d i e s  were  done once  on o n l y  3 o f  6 
dogs  i n  Group  D b e c a u s e  o f  d e t e r i o r a t i n g  c l i n i c a l  c o n d i t i o n s  
i n  t h e  o t h e r  d o g s .  C a r d i a c  c a t h e t e r i z a t i o n  was done u n d e r  a 
l i g h t  p l a n e  o f  a n e s t h e s i a  w i t h  so d iu m  t h i a m y l  and m a i n t a i n e d  
w i t h  h a l o t h a n e  and o x y g e n .  C a r d i a c  c a t h e t e r s  were  i n t r o d u c e d  
i n t o  t h e  l e f t  v e n t r i c l e  t h r o u g h  a c a r o t i d  a r t e r y  cutdown 
u n d e r  image i n t e n s i f i c a t i o n  f l u o r o s c o p y .  The c o n t r a s t  medium
c G r a s s  Model 7 ,  G r a s s  I n s t r u m e n t s ,  Q u in c y ,  Mass . 
^ S t a t h a m  P 5 0 ,  S t a t h a m  I n s t r u m e n t s ,  I n c . ,  O x n a rd ,  C a l .
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(1 m g / k g ) e was i n j e c t e d  i n t o  t h e  l e f t  v e n t r i c l e  u s i n g  a 
c o m p u t e r i z e d  power i n j e c t o r ^  and a 35 mm f i l m  r e c o r d i n g  was 
made a t  a  sp e e d  o f  60 f r a m e s / s e c o n d .  The l e f t  v e n t r i c u l a r  
v o lu m e  was c a l c u l a t e d  by s e l e c t i n g  two no rm al  c a r d i a c  c y c l e s .  
Each f r a m e  was p r o j e c t e d  o n t o  t h e  s c r e e n  o f  a s p e c i a l  35 mm 
p r o j e c t o r ^  a nd t r a c i n g s  w ere  made. The m a g n i f i c a t i o n  and 
d i s t o r t i o n  e f f e c t s  o f  t h e  image i n t e n s i f i e r  w ere  c o r r e c t e d  
w i t h  a 1 /8  i n c h  g r i d  t h a t  was p l a c e d  a t  t h e  l e v e l  o f  t h e  l e f t  
v e n t r i c l e  b e f o r e  e ac h  c a t h e t e r i z a t i o n  ( 4 1 ) .  The a r e a  A was 
m e a s u re d  w i t h  a d i g i t i z e r  which  a u t o m a t i c a l l y  c o r r e c t e d  f o r  
t h e  m a g n i f i c a t i o n  and d i s t o r t i o n .  The e q u a t i o n  f o r  
c a l c u l a t i o n  o f  t h e  v o lum e  d e p e n d e d  on t h e  a s s u m p t i o n  t h a t  t h e  
l e f t  v e n t r i c u l a r  cham ber  was e l l i p s o i d :
V = ( n / 6 )  (LD2) w he re  D = 4A/nL.
The e f f e c t s  o f  t h e  c h an g e  f rom  t h e  i d e a l  sh a p e  due  t o  
i r r e g u l a r i t i e s  o f  t h e  w a l l s  and p a p i l l a r y  m u sc le  p r o j e c t i o n s  
w ere  c o r r e c t e d  by a r e g r e s s i o n  e q u a t i o n  d e r i v e d  f rom  b a r iu m  
f i l l e d  h e a r t s  ( 4 2 , 4 3 ) .
v t r u e  ~ *0994 
^ c a l c u l a t e d  ” 5 .2 5 5  m l .
The dogs  w ere  e u t h a n i z e d  w i t h  sod ium  p e n t o b a r b i t a l  a t  
t h e  end o f  t h e  e x p e r i m e n t  a t  a p p r o x i m a t e l y  10 w eeks  d u r a t i o n .  
The body w e i g h t  o f  a l l  d og s  was r e c o r d e d .  The h e a r t  was 
i m m e d i a t e l y  removed and t h e  cham bers  washed f r e e  o f  b l o o d .
e C onrad  6 0 ,  M a l l i n c k r o d t  Chem. C o . ,  S t .  L o u i s ,  Mo. 
^Medrad Mark IV,  Medrad C o r p . ,  P i t t s b u r g ,  P a .  
S T a g a r n o ,  T a g a rn o  A / S ,  Denmark.
The g r e a t  v e s s e l s  w e re  s e v e r e d  a t  t h e i r  o r i g i n ,  t h e  a t r i a  
w e re  s e p a r a t e d  f rom  t h e  v e n t r i c l e s  a t  t h e  a t r i o v e n t r i c u l a r  
r i n g s  and t h e  r i g h t  v e n t r i c u l a r  f r e e  w a l l  was s e p a r a t e d  from 
t h e  i n t e r v e n t r i c u l a r  s e p tu m  a t  t h e  p o i n t s  o f  j u n c t i o n .  The 
t o t a l  h e a r t  w e i g h t ,  t o t a l  a t r i a l  w e i g h t ,  r i g h t  v e n t r i c u l a r  
f r e e  w a l l  w e i g h t  and com bined  l e f t  v e n t r i c u l a r  and s e p t a l  
w e i g h t  were  r e c o r d e d .  The e n t i r e  h e a r t s  were  f i x e d  in  
n e u t r a l  b u f f e r e d  10% f o r m a l i n .  A f t e r  c o m p l e t e  f i x a t i o n  e a c h  
h e a r t  was s e c t i o n e d  t o  i n c l u d e  a l o n g i t u d i n a l  s e c t i o n  o f  l e f t  
v e n t r i c u l a r  f r e e  w a l l  and p a p i l l a r y  m u s c l e ,  a  s e c t i o n  o f  
r i g h t  v e n t r i c u l a r  f r e e  w a l l  w i t h  l a t e r a l  l e a f l e t  o f  t h e  
t r i c u s p i d  v a l v e ,  a s e c t i o n  o f  l e f t  a t r i u m  and a u r i c l e ,  a 
s e c t i o n  o f  r i g h t  a t r i u m  and a u r i c l e  and a l o n g i t u d i n a l  
s e c t i o n  o f  i n t e r v e n t r i c u l a r  s e p tu m  c o n t a i n i n g  one l e a f  o f  
m i t r a l  v a l v e  and s e m i l u n a r  v a l v e  o f  t h e  a o r t a .  S i x  
m i c r o m e t e r  s e c t i o n s  w e re  p r e p a r e d  f rom  p a r a f f i n  embedded 
t i s s u e s  and s t a i n e d  w i t h  h e m a t o x y l i n  and e o s i n  o r  
p h o s p h o t u n g s t i c  a c i d - h e m a t o x y l i n  (PTAH).
The d a t a  on t h e s e  d o g s  a r e  sum m ar ized  in  t a b l e s  one  t o  f i v e  
and s t a t i s t i c a l  a n a l y s e s  o f  d a t a  w ere  p e r f o r m e d  u s i n g  
S t u d e n t ' s  t - t e s t .
R e s u l t s
C l i n i c a l  S i g n s
Dogs i n  G ro u p s  A and B showed no s i g n i f i c a n t  c l i n i c a l  
s i g n s  d u r i n g  t h e  l e n g t h  o f  t h e  s t u d y .  The most  f r e q u e n t  
c l i n i c a l  s i g n s  s e e n  in  d o g s  i n  G ro u p s  C and D were  d e c r e a s e d
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e x e r c i s e  t o l e r a n c e  and t a c h y p n e a  was s e e n  f o l l o w i n g  e ac h  
c o b a l t  i n f u s i o n  f o r  a  2 4 - h o u r  p e r i o d .  T h ese  s i g n s  c o n t i n u e d  
i n  d og s  f ro m  G ro u p s  C and D u n t i l  t e r m i n a t i o n  o f  t h e  s t u d y  a t  
10 w e e k s .  A l l  dogs  i n  G ro u ps  B, C, and  D l o s t  10-15% o f  
t h e i r  body w e i g h t  d u r i n g  t h e  10 week d u r a t i o n  o f  t h e  
e x p e r i m e n t .  D yspnea  was a  common c l i n i c a l  s i g n  s e e n  a f t e r  
t h e  f i f t h  week and o c c u r r e d  i n  3 o f  5 d o g s  in  Group  C and 3
o f  6 dogs  i n  Group  D. A n o r e x i a  was fo u n d  i n  4 o f  5 dogs  i n
Group C and 4 o f  6 d o g s  i n  G roup  D. Most o f  t h e  o b s e r v e d  
c l i n i c a l  s i g n s  w ere  s e e n  i m m e d i a t e l y  a f t e r  e a c h  c o b a l t  
i n f u s i o n  and became l e s s  o b v i o u s  by t h e  n e x t  i n f u s i o n  3 d a y s  
l a t e r .
P h y s i c a l  E x a m i n a t i o n
U s in g  a u s c u l t a t i o n ,  no a b n o r m a l i t i e s  were  d e t e c t e d  in  
dogs  i n  G ro up s  A and B. Towards  t h e  end o f  t h e  e x p e r i m e n t ,  2 
o f  5 d o g s  i n  Group C and 3 o f  6 d o g s  i n  Group  D had  m i l d ,  low 
i n t e n s i t y ,  s h o r t  d u r a t i o n  s y s t o l i c  m urm urs .  A p r o t o d i a s t o l i c  
g a l l o p  o r  S4 h e a r t  s o u n d s  were  h e a r d  i n  2 o f  5 d o g s  i n  Group 
C and 5 o f  6 dogs  i n  G roup  D. A f t e r  one month o f  c o b a l t  
i n f u s i o n s  (8 i n f u s i o n s )  a l l  d o g s  in  b o th  G ro u p s  C and D had  a 
r i s e  i n  a v e r a g e  h e a r t  r a t e  f ro m  115 t o  173 b e a t s  p e r  m i n u t e .  
W ith  e a c h  c o b a l t  i n f u s i o n  t h e  t a c h y c a r d i a  became more s e v e r e  
and r a p i d  i n  o n s e t  t h a n  p r e v i o u s l y .  H e a r t  r a t e s  i n  d og s  i n
G roups  A and B d i d  n o t  s i g n i f i c a n t l y  c h a n g e .
T h o r a c i c  R a d io g r a p h y
No s i g n i f i c a n t  c h a n g e s  were  s e e n  i n  t h o r a c i c  r a d i o g r a p h s  
o f  dogs  i n  G ro up s  A and B. A m o d e r a t e  r i g h t  v e n t r i c u l a r
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e n l a r g e m e n t  was s e e n  i n  a l l  d o gs  i n  G ro u ps  C and D a f t e r  two 
weeks o f  c o b a l t  i n f u s i o n s .  T h i s  was f o l l o w e d  by m i ld  t o  
m o d e r a t e  e n l a r g e m e n t  o f  t h e  a t r i a  i n  a l l  dogs  in  b o th  G roups  
C and D w i t h  s u b s e q u e n t  m i ld  o v e r a l l  e n l a r g e m e n t  o f  a l l  h e a r t  
c h a m b e r s .  T h i s  m o d e r a t e  c a r d i o m e g a l y  o c c u r r e d  a f t e r  
a p p r o x i m a t e l y  4 weeks o f  c o b a l t  i n f u s i o n  ( F i g .  1 ) .  D u r in g  
t h e  l a s t  5 weeks  o f  t h e  s t u d y  t h e  c a r d i a c  shadow d e c r e a s e d  in  
s i z e  ( F i g .  2) i n d i c a t i n g  a d e g r e e  o f  m i c r o c a r d i a  i n  t h e  s i x  
d o g s  in  Group D. T h e r e  was l i t t l e  r a d i o g r a p h i c  e v i d e n c e  o f  
pu lm o n a ry  edema in  do g s  i n  any g r o u p .  However,  i n c r e a s e d  
p u lm o n a ry  v a s c u l a t u r e  was s e e n  i n  4 o f  6 d o g s  in  Group  D.
E l e c t r o c a r d i o g r a p h y
T a b l e  I and F i g u r e  3 i l l u s t r a t e  t h e  main e l e c t r o ­
c a r d i o g r a p h i c  f i n d i n g s  i n  t h e  d o g s .  E l e c t r o c a r d i o g r a p h y  was 
done  b i w e e k l y  on d o g s  i n  a l l  4 g r o u p s  and a b n o rm a l  f i n d i n g s  
w ere  fo u n d  i n  a l l  dogs  i n  G ro u ps  C and  D. No s i g n i f i c a n t  
c h a n g e s  were  s e e n  in  t h e  e l e c t r o c a r d i o g r a m s
i n  G roups  A and B. S i n u s  t a c h y c a r d i a  was a c o n s t a n t  f i n d i n g  
i n  a l l  do g s  in  G ro u p s  C and D. A n o t h e r  common f i n d i n g  was 
low a m p l i t u d e  QRS c o m p le x e s  i n  a l l  l im b  l e a d s  i n  a l l  dogs  i n  
Group C and Group D w hich  s t a r t e d  o c c u r i n g  a f t e r  t h e  f i r s t  
i n f u s i o n .  As more c o b a l t  was i n f u s e d  t h e  QRS c o m p le x e s  
became s m a l l e r  and a l m o s t  i s o e l e c t r i c .  A r r h y t h m i a s  were  
i n f r e q u e n t  and w ere  s e e n  i n  c o n j u n c t i o n  w i t h  c a r d i a c  
c a t h e t e r i z a t i o n .  No c o n d u c t i o n  d i s t u r b a n c e s  were  o b s e r v e d .
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F i g u r e  1 -  P l a i n  f i l m  c h e s t  r a d i o g r a p h s .  L a t e r a l  t h o r a c i c  
r a d i o g r a p h  o f  a  dog i n  Group  D a p p r o x i m a t e l y  4 
weeks in  t h e  p r o j e c t .  A m i l d  g e n e r a l i z e d  
e n l a r g e m e n t  o f  t h e  c a r d i a c  s i l h o u e t t e  i s  s e e n  
(A ) .  D o r s o v e n t r a l  r a d i o g r a p h  f rom t h e  same dog .  
E n la r g e m e n t  o f  a l l  f o u r  cham bers  i s  p r e s e n t  (B ) .
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F i g u r e  2 -  T h o r a c i c  r a d i o g r a p h s  o f  t h e  same dog i n  F i g u r e  1 
a t  n e c r o p s y  (10 w e e k s ) .  A -  L a t e r a l  r a d i o g r a p h  
i l l u s t r a t i n g  t h e  r e d u c t i o n  in  c a r d i a c  s i z e .
B -  D o r s o v e n t r a l  r a d i o g r a p h  f rom t h e  same dog 
show ing  m i c r o c a r d i a .
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T a b l e  1: E l e c t r o c a r d i o g r a p h i c  F i n d i n g s  i n  Dogs w i th
E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
Group A B C D
Number o f  Dogs 5 5 5 6
Normal 5 5 0 0
Abnorm al 5 6
Rhythm d i s t u r b a n c e s 0 3
S i n u s  t a c h y c a r d i a 5 6
D e c r e a s e d  QRS v o l t a g e  in l im b  l e a d s 5 6
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F i g u r e  3 -  The e l e c t r o c a r d i o g r a m  in  e x p e r i m e n t a l  c o b a l t
c a r d i o m y o p a t h y  i n  t h e  dog shown on t h e  n e x t  p a g e .
T h i s  was r e c o r d e d  a t  a p a p e r  sp e e d  o f  25 mm/sec
and 1 cm = 1 mv. ( T r a c i n g s  hav e  been  r e t o u c h e d . )
A. E l e c t r o c a r d i o g r a m  r e c o r d e d  f rom  a no rm al  dog 
i n  G roup  D p r e v i o u s  t o  c o b a l t  a d m i n i s t r a t i o n .
B. E l e c t r o c a r d i o g r a m  r e c o r d e d  f rom  t h e  same dog 3 
weeks  l a t e r  a f t e r  6 c o b a l t  i n f u s i o n s .  A 
m arked  l o w e r i n g  o f  QRS c o m p le x e s  i s  s e e n  in  
a l l  l e a d s  e x c e p t  aVL. A m o d e r a t e  i n c r e a s e  i n  
h e a r t  r a t e  i s  a l s o  s e e n .
C. Normal e l e c t r o c a r d i o g r a m  from a dog i n  Group C 
p r i o r  t o  c o b a l t  a d m i n i s t r a t i o n .
D. E l e c t r o c a r d i o g r a m  r e c o r d e d  d u r i n g  t h e  9 th  week 
o f  c o b a l t  a d m i n i s t r a t i o n .  The QRS c o m p le x e s  
i n  a l l  l e a d s  a r e  a l m o s t  i s o e l e c t r i c .  T h e r e  i s  
no p e r c e p t a b l e  ch an g e  i n  h e a r t  r a t e  i n  t h i s  
d o g .
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C a r d i a c  C a t h e t e r i z a t i o n
The l e f t  v e n t r i c u l a r  s y s t o l i c  and d i a s t o l i c  p r e s s u r e s  
w ere  compared  b e tw ee n  dogs  i n  G roups  A and B and t h o s e  i n  
G ro u ps  C and D ( T a b l e  I I ) .  I n  d o gs  i n  G ro u p s  A and B t h e  
mean s y s t o l i c  p r e s s u r e  was n o r m a l ,  b u t  t h e  r a n g e  was 
f r e q u e n t l y  g r e a t e r  t h a n  no rm al  ( 1 2 0 - 2 0 0 ) .  I n  dogs  i n  G ro u ps  
C and D t h e  mean s y s t o l i c  p r e s s u r e  was lo w e r  t h a n  n o r m a l .
The l e f t  v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  was n o rm al  i n  a l l  
dog s  i n  G rou p s  A and B. T h e r e  was a  m i ld  e l e v a t i o n  o f  l e f t  
v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  i n  a l l  dogs  in  G ro u p s  C 
and D a t  t h e  end o f  t h e  e x p e r i m e n t a l  p e r i o d .  T h i s  r i s e  was 
n o t  s e e n  u n t i l  t h e  f i n a l  two weeks o f  t h e  s t u d y  and t h e  dogs  
d i d  n o t  r e v e a l  any s i g n i f i c a n t  hemodynamic change  u n t i l  a f t e r  
5 g ra m s  o f  c o b a l t  i n f u s i o n s  (10 i n f u s i o n s ) .  P r e s s u r e  
t r a c i n g s  f ro m  dogs  i n  G roups  C and  D f r e q u e n t l y  r e v e a l e d  a 
p r o m i n e n t  " a"  wave w i t h  t h e  e l e v a t e d  l e f t  v e n t r i c u l a r  end 
d i a s t o l i c  p r e s s u r e .
A n g i o c a r d i o g r a p h y  and L e f t  V e n t r i c u l a r  Volume S t u d i e s
Only  3 dogs  i n  Group  D w ere  s u b j e c t e d  to  a n g i o g r a p h y  a t  
t h e  end o f  t h e  e x p e r i m e n t .  The l e f t  v e n t r i c u l a r  c a v i t y  was 
compared  in  a l l  3 do g s  i n  s y s t o l e  and d i a s t o l e  i n  F i g u r e  4 . 
The c a v i t y  was n o rm a l  t o  s l i g h t l y  e n l a r g e d  in  d i a s t o l e  and 
s m a l l e r  t h a n  n o rm al  i n  s y s t o l e  ( F i g .  5 ) .  C o n t r a c t i o n  
a p p e a r e d  s t r o n g  and f o r c e f u l .  The l e f t  v e n t r i c u l a r  w a l l  
a p p e a r e d  t h i c k e r  t h a n  n o rm a l  in  two d o g s .  L e f t  v e n t r i c u l a r  
v o lu m e s  w ere  t a b u l a t e d  and compared  w i t h  p r e v i o u s  e s t a b l i s h e d  
v a l u e s  i n  n o rm a l  d o g s  i n  T a b l e  I I I  ( 4 3 , 4 3 ) .  The end
T a b l e  I I :  I n t r a c a r d i a c  P r e s s u r e s  i n  10 C o n t r o l  Dogs
and i n  10 Dogs W ith  E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
S y s t o l i c  LV^ p r e s s ,  mm-Hg LVEDP2 mm-Hg
C o n t r o l s
(Group A and Group B)
Mean * 1 SD 1 5 4 .0  * 25 3 . 7  * 2 .5
Range 110-200 0-6
E x p e r i m e n t a l  C a r d io m y o p a th y
(Group C and Group D)
Mean * 1 SD 11 5 .5 7  * 7 .8 1 1 .6  * 3 .2
Range 105-130 9-15
P < 0 .1 * P < 0 .1 *
^LV P r e s s  = l e f t  v e n t r i c u l a r p r e s s u r e ;  ^ lvedp  = l e f t
v e n t r i c u l a r  e n d - d i a s t o l i c p r e s s u r e .
♦ S t u d e n t ' s  t - t e s t .
cF i g u r e  4 -  T r a c i n g s  f ro m  a n g i o c a r d i o g r a p h y  in  3 d o g s  i n  Group 
D w i t h  e x p e r i m e n t a l  c o b a l t  c a r d i o m y o p a t h y .  The 
i n n e r  w h i t e  cham ber  i n d i c a t e s  t h e  end s y s t o l i c  
vo lum e  o f  t h e  l e f t  v e n t r i c l e .  The o u t e r  sh a d e d  
a r e a  p l u s  i n n e r  w h i t e  a r e a  r e p r e s e n t s  t h e  end 
d i a s t o l i c  vo lum e  o f  t h e  l e f t  v e n t r i c l e .  Dog A 
shows a m a r k e d ly  r e d u c e d  end s y s t o l i c  vo lum e  w h i l e  
t h e  v o lu m e  i n  Dog B i s  n o r m a l .  Dog C h a s  a 
s l i g h t y  e n l a r g e d  end s y s t o l i c  v o lu m e .  A l l  t h r e e  
d og s  h av e  a s l i g h t l y  e n l a r g e d  end d i a s t o l i c  
v o lu m e .
F ig u re  5 -  L e f t  v e n t r i c l e  a n g io g r a m  i n  end d i a s t o l e  (1A and 
2A) and end s y s t o l e  (1B and 2B) i n  dogs  i n  Group 
D. N o te  t h e  s m a l l  end s y s t o l i c  vo lum e  and 
t h i c k e n e d  l e f t  v e n t r i c u l a r  w a l l  i n  d i a s t o l e .  The 
end d i a s t o l i c  vo lu m e  i s  e n l a r g e d .
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T a b l e  I I I :  V e n t r i c u l o g r a p h i c  F i n d i n g s  i n  T h r e e  Dogs
(Group D) w i t h  E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
Body
w e i g h t
(kg)
End 
d i a s y s t o l i c  
vo lu m e  
( m l / 1 O k g )
End 
s y s t o l i c  
vo lu m e  
( m l /1 O k g )
S t r o k e  
vo lu m e  
( m l /1 O k g )
E j e c t i o n  
f r a c t i o n  
( s t r o k e  
v o l u m e /  
end 
d i a s t o l i c  
v o l u m e )
Normal 2 5 .4  + 2 . 2  1 2 .5  + 1 .2 1 5 .0  + 1.4 0 .61  + 0 .0 2
Dog 1 1 6 .4 4 4 . 8 4 .01 4 0 .8 7 .91
Dog 2 2 4 .5 3 6 .9 1 1 .6 2 5 .3 .69
Dog 3 1 6 .8 3 0 .7 1 0 .9 5 1 9 .8 .6 5
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d i a s t o l i c  v o lu m e s  w ere  m o d e r a t e l y  e l e v a t e d  i n  a l l  t h r e e  d o g s .  
I n  dog A t h e  end s y s t o l i c  vo lum e  was m a r k e d ly  r e d u c e d  f rom 
n o r m a l .  T h i s  same dog had  a  g r e a t l y  r a i s e d  e j e c t i o n  
f r a c t i o n .  E j e c t i o n  f r a c t i o n s  i n  t h e  o t h e r  two dogs  w ere  
w i t h i n  n o rm a l  l i m i t s .
H e a r t  W e ig h t -B o d y  W e ig h t  R a t i o s
The mean t o t a l  h e a r t  w e i g h t  t o  body w e i g h t ,  v e n t r i c u l a r  
w e i g h t  t o  h e a r t  w e i g h t  and body w e i g h t  r a t i o s  w ere  compared  
( T a b l e  I V ) .  T h e r e  was a marked s i g n i f i c a n t  i n c r e a s e  i n  l e f t  
v e n t r i c u l a r  w e i g h t  t o  h e a r t  w e i g h t  and a s i g n i f i c a n t  d e c r e a s e  
i n  r i g h t  v e n t r i c u l a r  w e i g h t  t o  h e a r t  w e i g h t  i n  a l l  dogs  in  
Group  D when com pared  t o  do g s  i n  G roups  A and B. T h e re  was 
no s i g n i f i c a n t  c h a n g e  s e e n  i n  w e i g h t s  o f  h e a r t s  f rom  dogs  in  
G rou p s  A, B and  C.
M a c r o s c o p i c  E x a m i n a t i o n
The h e a r t s  o f  d o g s  i n  G ro u p s  A and B were  g r o s s l y  
n o r m a l .  The h e a r t s  o f  dogs  i n  G roups  C and  D w ere  u n i f o r m i l y  
p a l e ,  g r e y - t a n  and f l a c c i d  ( F i g .  6 ) .  D i l a t a t i o n  o f  t h e  r i g h t  
v e n t r i c l e  was s e e n  i n  t h e  h e a r t s  o f  a l l  dogs  i n  G roups  C and
D. I n  do g s  i n  Group  D t h e  l e f t  v e n t r i c u l a r  w a l l s  were  
t h i c k e r  t h a n  n o rm a l  w i t h  m i ld  h y p e r t r o p h y  o f  t h e  p a p i l l a r y  
m u s c l e s  ( F i g .  7 ) .  The l e f t  v e n t r i c l e  was o f  n o rm al  s i z e  and 
w e i g h t  i n  d o g s  i n  Group C. M ild  t o  m o d e r a t e  d i l a t a t i o n  o f  
t h e  a t r i a  was s e e n  i n  a l l  d o g s  i n  b o th  G ro u p s  C and D. Two 
o f  5 dogs  i n  Group C and 3 o f  6 dogs  i n  Group D c o n t a i n e d  
s c a t t e r e d  p e t e c h i a l  and e c c h y m o t i c  h e m o r r h a g e s  i n  t h e  
e n d o c a r d i u m  and e p i c a r d i u m .  T h e r e  were  m u l t i f o c a l  a r e a s  o f
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T a b l e  IV .  H e a r t  W e ig h t  M easu rem en t  R a t i o s  in  Normal  Dogs
and i n  Dogs W ith  E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
HW/BW
g / k g
RV/HW
%
LV/HW
%
RV/BW
g / k g
LV/BW
g / k g
Normal C o n t r o l
Group A (mean) 7 .41 2 2 .0 6 3 .5 0 1 .67 4 .71
c o n t r o l
±  1SD 1 .0 2 .0 2 0 .0 2 8 0 .2 6 0 .6 7
Maximum 9 .41 2 4 .2 3 6 7 .5 3 1 .96 6 .0 8
Minimum 5 .0 2 1 7 .9 9 5 9 .8 5 1 .34 4 .0 4
P r o t e i n  and T h ia m in e : D e f i c i e n t  C o n t r o l
Group B (mean) 7 .8 2 2 0 .7 5 6 2 .7 0 1.61 4 .91
c o n t r o l
+ 1SD .7 2 9 1 .5 2 2 .7 3 .0 6 4 0 .6 2
Maximum 9 .0 2 21 .95 6 5 .2 2 1 .66 5 .9 2
Minimum 7.11 1 8 .1 0 5 9 .6 4 1 .50 4 .2 4
C o b a l t  P l u s N orm al  D i e t
Group C (mean) 8 .5 6 19.1 63.1 1 .64 5 .4 0
+ 1SD 1 .50 .22 1 .8 .30 .93
Maximum 1 0 .26 1 9 .2 9 6 5 .4 9 1 .87 6 .4 8
Minimum 7 .2 8 1 8 .7 9 61 .26 1 .40 4 .4 9
C o b a l t  w i t h  P r o t e i n  and T h ia m in e  D e f i c i e n t  D i e t
Group  D (mean) 7 .8 3 5 2 0 .0 0 6 7 .7 1 .57 5.31
+ 1SD 1 .3 48 1 .234 2 .3 .301 1 .02
Maximum 9 .9 9 21 .98 7 0 .7 6 1 .92 7 .0 7
Minimum 6 .1 2 18 .90 6 5 .5 5 1 .18 4 .01
P* NS < .01 < .001 NS NS
HW = t o t a l  h e a r t  w e i g h t ;  BW = body w e i g h t ;  RV = r i g h t  
v e n t r i c u l a r  f r e e  w a l l  w e i g h t ;  LV = l e f t  v e n t r i c l e  and se p tu m  
w e i g h t .  S t u d e n t ' s  t - t e s t .
♦C om p ar iso n  w i t h  c o n t r o l  d o g s  G roup  A. NS = non 
s i g n i f i c a n t .
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F i g u r e  6 -  H e a r t  f ro m  a dog i n  Group  D w i t h  e x p e r i m e n t a l  
c o b a l t  c a r d i o m y o p a t h y .  O b s e rv e  t h e  d i f f u s e  
p a l e n e s s  o f  t h e  m yocard ium  and m u l t i f o c a l  a r e a s  o f  
m y o c a r d i a l  f i b r o s i s .
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F i g u r e  7 -  A h e a r t  f ro m  a dog i n  G roup  D w i t h  e x p e r i m e n t a l  
c o b a l t  c a r d i o m y o p a t h y .  The o p en ed  l e f t  (LV) and 
r i g h t  (RV) v e n t r i c l e  o f  t h e  h e a r t  h a s  num erous  
p e t e c h i a l  h e m o r r h a g e s  on b o th  t h e  e p i c a r d i u m  and 
e n d o c a r d i a l  s u r f a c e s .  H y p e r t r o p h y  i s  s e e n  i n  t h e  
l e f t  v e n t r i c u l a r  w a l l  and p a p i l l a r y  m u s c l e .
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e p i c a r d i a l  f i b r o s i s  which  w ere  m ost  c o n s i s t e n t l y  s e e n  a lo n g  
t h e  a n t e r i o r  i n t e r v e n t r i c u l a r  s u l c u s  b e tw ee n  t h e  r i g h t  and 
l e f t  v e n t r i c l e .  T h r e e  o f  6 d o g s  i n  Group  D had  l a r g e  a r e a s  
o f  n e c r o s i s  i n  t h e  p a p i l l a r y  m u s c l e s  and l e f t  v e n t r i c u l a r  
e n d o c a r d i u m .  The l u n g s  and k i d n e y s  i n  dogs  i n  G ro u p s  C and D 
w ere  d i f f u s e l y  c o n g e s t e d .  L i v e r s  i n  t h e  same g r o u p s  w e re  
s w o l l e n  and p a l e .  A nutmeg p a t t e r n  was o b s e r v e d  on c u t  
s e c t i o n .
M i c r o s c o p i c  E x a m i n a t i o n
A summary o f  t h e  m i c r o s c o p i c  f i n d i n g s  i n  t h e  h e a r t s  i s  
shown i n  T a b l e  V. A l l  dogs  i n  G ro u ps  A and B had no 
s i g n i f i c a n t  c a r d i a c  l e s i o n s .  Dogs in  G ro u p s  B, C and D had  
c a r d i a c  m u sc le  c e l l  n u c l e i  which  w ere  e n l a r g e d  and had an 
u n d u l a t i n g  n u c l e a r  m embrane .  The c h r o m a t i n  was c o n c e n t r a t e d  
p e r i p h e r a l l y  and t h e  n u c l e o l u s  was s e e n  i n  a c e n t r a l  c l e a r  
zone  ( F i g .  8 ) .
H i s t o l o g i c  l e s i o n s  s e e n  i n  do g s  i n  G ro u p s  C and D i n c l u d e d  
g e n e r a l i z e d  l o s s  o f  m y o f i b r i l l a r  s u b s t a n c e ,  marked 
v a c u o l a t i o n  o f  c a r d i a c  m y o c y t e s , m u l t i f o c a l  s e p a r a t i o n  and 
f r a g m e n t a t i o n  o f  c a r d i a c  m u s c le  c e l l s  and ran d o m ly  s c a t t e r e d  
s m a l l  a r e a s  o f  c o a g u l a t i o n  n e c r o s i s .  Both  t h e  a t r i a  and 
v e n t r i c l e s  w ere  e q u a l l y  a f f e c t e d  and t h e  l e s i o n s  w ere  
u n i f o r m l y  d i f f u s e .  Dogs in  Group  C had l e s s  s e v e r e  
h i s t o l o g i c  l e s i o n s  i n  t h e  m yocard ium  t h a n  dogs  i n  Group D.
The most  c o n s i s t e n t  h i s t o l o g i c  l e s i o n  i n  h e a r t s  o f  dogs  
i n  Group D was v a c u o l a t i o n  o f  t h e  c a r d i a c  m y o f i b e r s .  T h i s  
was e a s i l y  o b s e r v e d  in  c r o s s  s e c t i o n s  o f  t h e  m y o f i b e r s  where
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T a b l e  V. T a b u l a t i o n  o f  H i s t o l o g i c  L e s i o n s  i n  H e a r t s  o f  Dogs 
w i t h  E x p e r i m e n t a l  C o b a l t  C a r d io m y o p a th y
Group A B C D
No. o f  Dogs 5 5 5 6
M yocyte  v a c u o l a t i o n  - - 2 6
Myocyte  n e c r o s i s - 2 4
L o ss  o f  c r o s s  s t r i a t i o n - 5 6
M yocyte  a t r o p h y  - - 3 4
M yocyte  h y p e r t r o p h y - 2 6
I n t e r s t i t i a l  edema - - 3 5
I n f l a m m a t i o n - 1 3
I n t e r s t i t i a l  f i b r o s i s — 2 4
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F i g u r e  8 -  H i s t o l o g i c  s e c t i o n  o f  t h e  v e n t r i c u l a r  m yocard ium  
showing  n u c l e a r  e n l a r g e m e n t ,  c l e a r  c e n t r a l  z o n e s  
and an u n d u l a t i n g  n u c l e a r  membrane. (H&E, 
o r i g i n a l  m a g n i f i c a t i o n  X 100) .
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t h e  v a c u o l a t i o n  was s e e n  i n  t h e  j u x t a n u c l e a r  z o n e .  I n  some 
c a s e s ,  m u l t i p l e  s m a l l  v a c u o l e s  w e re  d i s p e r s e d  t h r o u g h o u t  t h e  
s a r c o p l a s m  g i v i n g  i t  a "moth e a t e n "  a p p e a r a n c e  ( F i g .  9 ) .
T h e r e  w e re  m u l t i p l e  a r e a s  o f  m y o c y t o l y s i s  w i t h  l o s s  o f  
m y o f i l a m e n t s .  W ith  PTAH s t a i n i n g ,  t h e r e  were  m u l t i p l e  a r e a s  
o f  l o s s  o f  c r o s s  s t r i a t i o n s  ( F i g .  1 0 ) .
I n  two d o gs  i n  Group  D, t h e  w a l l s  o f  some s m a l l
a r t e r i o l e s  w ere  d i s r u p t e d  and c o n t a i n e d  t h r o m b i .  I n  2 o f  6 
d o g s  in  Group D and 1 o f  5 d o g s  i n  Group  C i n f i l t r a t i o n  o f  
n e u t r o p h i l s  and a few m a c r o p h a g e s  w e re  s e e n  i n  t h e  
m y o ca rd iu m .  M ild  f o c a l  i n t e r s t i t i a l  f i b r o s i s  was s e e n  i n  3 
o f  6 d o g s  i n  Group  D, m a i n l y  i n  t h e  l e f t  v e n t r i c u l a r  
p a p i l l a r y  m u s c l e s .  Around t h e s e  a r e a s  were  num erous  d e n s e  
m i n e r a l i z e d  s a r c o p l a s m i c  g r a n u l e s .
E v a l u a t i o n  o f  t h e  l u n g s  i n  G ro u p s  C and D d e m o n s t r a t e d
s c a t t e r e d  a r e a s  o f  p u lm o n a ry  edema and g e n e r a l i z e d
c o n g e s t i o n .  The l i v e r  had d i l a t a t i o n  o f  t h e  s i n u s o i d s ,  
e s p e c i a l l y  a d j a c e n t  t o  t h e  c e n t r a l  v e i n s .  The h e p a t o c y t e s  
w ere  a t r o p h i c  w i t h  n e c r o s i s  o f  o c c a s i o n a l  i n d i v i d u a l  
h e p a t o c y t e s .  The k i d n e y s  w e re  c o n g e s t e d  and a m i ld  h y d r o p i c  
d e g e n e r a t i o n  was s e e n  i n  G ro u p s  C and D.
D i s c u s s i o n
E x p e r i m e n t a l l y ,  c o b a l t - i n d u c e d  c a r d i o m y o p a t h y  i n  t h e  dog 
p r o v i d e d  a model  f o r  t h e  s t u d y  o f  s e q u e n t i a l  c l i n i c a l ,  
hemodynamic  and r a d i o g r a p h i c  c h a n g e s  t h a t  o c c u r  w i t h  t h e  
d e v e l o p m e n t  o f  c a r d i o m y o p a t h y .  The most  common f e a t u r e s  o f
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F i g u r e  9 -  L e f t  a t r i u m  d e m o n s t r a t i n g  marked v a c u o l a r
d e g e n e r a t i o n .  O t h e r  c e l l s  show n u c l e a r  s h a p e  
d i s t o r t i o n  and e n l a r g e m e n t .  (H&E, o r i g i n a l  
m a g n i f i c a t i o n  X 100) .
F i g u r e  10 -  M y o c a r d i a l  c e l l s  u n d e r g o i n g  s a r c o l y s i s  w i t h  l o s s  
o f  c r o s s  s t r i a t i o n s .  G r o s s l y  t h i s  was a  p a l e  
d i s c o l o r e d  a r e a .  (PTAH, o r i g i n a l  m a g n i f i c a t i o n  
X100) .
e x p e r i m e n t a l  c o b a l t - i n d u c e d  c a r d i o m y o p a t h y  in  t h i s  s t u d y  were  
t h e  o n s e t  o f  d y s p n e a  and e x e r c i s e  i n t o l e r a n c e ,  a  m i l d  
s y s t o l i c  murmur w i t h  a p r o n o u n c e d  g a l l o p  r h y th m ,  m o d e r a t e  
c a r d i o m e g a l y  f o l l o w e d  by a d e c r e a s e  i n  h e a r t  s i z e ,  an 
a b n o rm a l  e l e c t r o c a r d i o g r a m ,  a m i ld  e l e v a t e d  l e f t  v e n t r i c u l a r  
end d i a s t o l i c  p r e s s u r e  and a n g i o c a r d i o g r a p h i c  e v i d e n c e  o f  
s l i g h t l y  e n l a r g e d  l e f t  v e n t r i c u l a r  end d i a s t o l i c  v o lu m e .  The 
p a t h o l o g i c  f i n d i n g s  w e re  p r i m a r i l y  t h o s e  o f  r i g h t  v e n t r i c u l a r  
d i l a t a t i o n  and u n i f o r m  p a l e n e s s  o f  t h e  m yoca rd ium .  T a b l e  VI 
d e l i n e a t e s  some i m p o r t a n t  s i m i l a r i t i e s  b e tw ee n  t h i s  
e x p e r i m e n t a l  model and " b e e r - d r i n k e r 1s "  c a r d i o m y o p a t h y  in  
man.
The m ost  common c l i n i c a l  s i g n  i n  man was r e p o r t e d  t o  be 
d y s p n e a  a lo n g  w i t h  w e a k n e s s  and f a t i g u e  ( 4 ) .  In  o u r  s e r i e s  
o f  e x p e r i m e n t a l  d o g s ,  d y s p n e a  and e x e r c i s e  i n t o l e r a n c e  were  
t h e  m ost  common c l i n i c a l  s i g n s .  A g a l l o p  rh y th m  was h e a r d  i n  
t h e  m a j o r i t y  o f  humans w i t h  b e e r  d r i n k e r s '  c a r d i o m y o p a t h y  
( 4 ) .  T h i s  was a l s o  fo u n d  in  m ost  dogs  i n  t h i s  s t u d y .  
T a c h y c a r d i a  was t h e  main  a ccom p an y in g  c l i n i c a l  s i g n  in  man 
a lo n g  w i t h  d i s t e n s i o n  o f  n e ck  v e i n s ,  p u lm o n a ry  and p e r i p h e r a l  
edema and b a s a l  r a l e s  ( 4 4 ) .  T h i s  was s i m i l a r  t o  t h a t  s e e n  in  
t h e  m a j o r i t y  o f  t h e  d o g s  i n  Group D i n  t h i s  s t u d y  e x c e p t  t h a t  
p u lm o n a ry  edema and v e n o u s  d i s t e n s i o n  w ere  n o t  o b s e r v e d .
M i l d ,  low i n t e n s i t y  s y s t o l i c  murmurs w ere  s e e n  in  man i n  
a p p r o x i m a t e l y  one  h a l f  o f  t h e  r e p o r t e d  c a s e s  i n  Quebec  (2) 
which  w ere  s i m i l a r  t o  d o g s  i n  t h i s  s t u d y .
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T a b l e  V I .  A C o m p ar i so n  o f  Common F i n d i n g s  i n  E x p e r i m e n t a l  
C o b a l t  C a r d io m y o p a th y  i n  t h e  Dog and B e e r  D r i n k e r ' s
C a r d io m y o p a th y  i n  Man
C a n in e Man
I .  C l i n i c a l  F i n d i n g s
Symptoms D yspnea
E x e r c i s e  i n t o l e r a n c e
D yspnea
F a t i g u e ,  w e a k n e s s  
o r t h o p n e a
P h y s i c a l
E x a m i n a t i o n
M ild  s y s t o l i c  murmur 
F o u r t h  h e a r t  s o u n d s  
T a c h y c a r d i a  
T a c h y p n e a
F o u r t h  h e a r t  s o u n d s  
T a c h y c a r d i a
R a d i o l o g y C a r d io m e g a l y
M i c r o c a r d i a
C a r d io m e g a l y
P e r i c a r d i a l
e f f u s i o n
E l e c t r o ­
c a r d i o g r a m
Low QRS a m p t i t u d e  
S i n u s  t a c h y c a r d i a
Low QRS a m p t i t u d e  
S i n u s  t a c h y c a r d i a
Hemodynamics M i ld  |LVEDP 
A waves
fLVEDP 
G i a n t  "A" w aves
A n g io ­
c a r d i o g r a p h y
fEnd s y s t o l i c  vo lum e  
LV end  d i a s t o l i c  
v o lu m e  s l i g h t l y  
e n l a r g e d
I I .  P a t h o l o g y
G ro s s R i g h t  v e n t r i c u l a r  
d i l a t a t i o n  and 
a t r i a l  d i l a t a t i o n  
P a l e  g r a y - b r o w n  
m yo ca rd iu m  
L e f t  v e n t r i c u l a r  
h y p e r t r o p h y
C a r d io m e g a l y  
d i l a t e d ,  f l a b b y ,  
brown d i s c o l o r ­
a t i o n
H i s t o l o g y D i f f u s e  v a c u o l a t i o n  
M u sc le  h y p e r t r o p h y  
and a t r o p h y  
I n t e r s t i t i a l  f i b r o s i s  
M y o c y t o l y s i s
H y d r o p i c  d e g e n e r ­
a t i o n  
M usc le  h y p e r t r o p h y  
and a t r o p h y  
P e r i n u c l e a r  
l i p o c h r o m e  p ig m e n t  
I n t e r s t i t i a l  
f i b r o s i s  
M y o c y t o l y s i s
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The t h o r a c i c  r a d i o g r a p h s  o f  d og s  i n  t h i s  s t u d y  showed 
v a r i e d  c h a n g e  w i t h  m o d e r a t e  g e n e r a l i z e d  c a r d i o m e g a l y  i n  t h e  
m id d l e  o f  t h e  e x p e r i m e n t  g r a d u a l l y  d e c r e a s i n g  in  s i z e  u n t i l  
t h e  end o f  t h e  e x p e r i m e n t .  G e n e r a l i z e d  c a r d i o m e g a l y  was 
fo u n d  in  t h e  m a j o r i t y  o f  human b e i n g s  w i t h  b e e r  d r i n k e r ' s  
c a r d i o m y o p a t h y  ( 1 , 3 , 4 , 7 ) .  The f i n d i n g s  o f  d e c r e a s e d  h e a r t  
s i z e  l a t e  i n  t h e  e x p e r i m e n t  d o e s  n o t  c o r r e l a t e  w i t h  any 
p r e v i o u s  s t u d i e s  and can be p a r t i a l l y  e x p l a i n e d  by t h e  l o s s  
o f  m y o c a r d i a l  s u b s t a n c e  and m y o f i b e r s .  Even i n  two do g s  t h a t  
m a i n t a i n e d  t h e i r  i n i t i a l  body w e i g h t ,  t h e  h e a r t  s i z e  was 
s m a l l  on t h o r a c i c  r a d i o g r a p h s .  I n c r e a s e d  p u lm o n a ry  
v a s c u l a t u r e  was p r o m i n e n t  i n  d og s  i n  b o t h  G roups  C and  D.
T h i s  f e a t u r e  i n  a d d i t i o n  t o  p e r i c a r d i a l  e f f u s i o n  was o f t e n  
d e s c r i b e d  in  man ( 3 , 4 ) .
E l e c t r o c a r d i o g r a p h i c  a b n o r m a l i t i e s  i n  t h e s e  d o gs  were 
s i m i l a r  t o  t h o s e  r e p o r t e d  in  man ( 4 , 9 ) .  S i n u s  t a c h y c a r d i a  
was fou n d  i n  m ost  human c a s e s  and low QRS com plex  a m p l i t u d e  
was r e c o r d e d  i n  n e a r l y  a l l  c a s e s  ( 7 , 9 ) .  A d d i t i o n a l  f i n d i n g s  
i n  man were  P wave a b n o r m a l i t i e s  and o c c a s i o n a l  r i g h t  a x i s  
d e v i a t i o n .  T h ese  c h a n g e s  d i s a p p e a r e d  a f t e r  t h e  r e m o v a l  o f  
c o b a l t  i n  a p p r o x i m a t e l y  50 p e r  c e n t  o f  t h e  c a s e s .  A l l  dogs  
i n  G rou p s  C and D had  s i m i l a r  e l e c t r o c a r d i o g r a m  c h a n g e s ,  
m a i n l y  s i n u s  t a c h y c a r d i a  and low QRS c o m p le x e s  i n  t h e  l im b  
l e a d s .  I n  b o th  dogs  and man (4 )  a r r h y t h m i a s  were  
i n f r e q u e n t .
The hemodynamic c h a n g e s  s e e n  were  m o d e r a t e l y  e l e v a t e d  
l e f t  v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e s  and lo w e re d  s y s t o l i c
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b l o o d  p r e s s u r e s  in  d o g s  i n  b o t h  G ro u p s  C and D. I n  b e e r  
d r i n k e r ' s  c a r d i o m y o p a t h y  in  man r i g h t  a t r i a l  p r e s s u r e  was 
e l e v a t e d  a t  r e s t  i n  3 o f  8 p a t i e n t s  and in  5 t h e  l e f t  
v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  a v e r a g e d  25 mm Hg, b u t  
g i a n t  "A" w aves  w ere  f r e q u e n t l y  e n c o u n t e r e d  ( 6 ) .  I n  t h i s  
p r o j e c t  "A" waves  w e re  u s u a l l y  s e e n ,  b u t  t h e  l e f t  v e n t r i c u l a r  
end d i a s t o l i c  p r e s s u r e  was o n l y  m i l d l y  e l e v a t e d  compared  t o  
man. T h e r e  was no r e p o r t  i n  man c o n c e r n i n g  low s y s t o l i c  
p r e s s u r e  a s  s e e n  i n  t h i s  e x p e r i m e n t a l  c a n i n e  m ode l .
The a n g i o c a r d i o g r a p h i c  a p p e a r a n c e  o f  t h e  l e f t  
v e n t r i c u l a r  c a v i t y  r e v e a l e d  a s l i g h t l y  e n l a r g e d  l e f t  
v e n t r i c u l a r  cham ber  i n  d i a s t o l e .  I n  one  d o g ,  t h e  end 
s y s t o l i c  cham ber  was m a r k e d ly  s m a l l e r  t h a n  n o r m a l .  The l e f t  
v e n t r i c u l a r  vo lum e  s t u d i e s  i n d i c a t e d  an e n l a r g e d  l e f t  
v e n t r i c u l a r  v o lu m e  i n  d i a s t o l e  and in  one dog a s m a l l e r  end 
s y s t o l i c  v o l u m e .  The e j e c t i o n  f r a c t i o n s  w ere  n o rm a l  i n  two 
d o g s  and g r e a t l y  e l e v a t e d  i n  t h e  t h i r d .  No a n g io g r a m s  in  man 
w i t h  c o b a l t  c a r d i o m y o p a t h y  w ere  d e s c r i b e d .  T h e r e  was 
v a r i a t i o n  i n  t h e s e  t h r e e  a n g io g r a m s  and a more d e t a i l e d  s t u d y  
i s  i n d i c a t e d  b a s e d  on t h e s e  i n i t i a l  f i n d i n g s .
The p r i m a r y  g r o s s  l e s i o n s  i n  d og s  i n  G ro u p s  C and D w i t h  
e x p e r i m e n t a l  c o b a l t - i n d u c e d  c a r d i o m y o p a t h y  w ere  r i g h t  
v e n t r i c u l a r  d i l a t a t i o n ,  m i l d  h y p e r t r o p h y  o f  t h e  p a p i l l a r y  
m u s c l e s  and l e f t  v e n t r i c l e ,  m i ld  d i l a t a t i o n  o f  t h e  a t r i a ,  and 
a u n i f o r m  p a l e n e s s  i n  t h e  m yocard ium .  I n  man w i t h  b e e r  
d r i n k e r ' s  c a r d i o m y o p a t h y  e x t e n s i v e  p e r i c a r d i a l  f l u i d  was a 
c o n s i s t e n t  f i n d i n g  ( 3 , 4 , 1 0 , 1 1 ) .  The h e a r t  was t y p i c a l l y
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e n l a r g e d ,  f l a c c i d ,  d i l a t e d ,  p a l e  and had no e v i d e n c e  o f  
c o r o n a r y  a r t e r y  d i s e a s e  ( 1 0 , 1 1 ) .  T h i s  was s i m i l a r  t o  t h e  
d o g s  in  t h i s  s t u d y  e x c e p t  no p e r i c a r d i a l  f l u i d  was s e e n .
M i c r o s c o p i c a l l y  t h e r e  was d i f f u s e  v a c u o l a t i o n  o f  t h e  
m y o f i b e r s  i n  a l l  a r e a s  o f  t h e  h e a r t ,  f i b e r  a t r o p h y  and a 
g e n e r a l i z e d  l o s s  o f  c r o s s  s t r i a t i o n s  i n  do g s  in  b o t h  G roups  C 
and D. M y o c a r d i a l  i n f l a m m a t o r y  c e l l  i n f i l t r a t i o n  and 
i n t e r s t i t i a l  f i b r o s i s  w e re  o c c a s i o n a l l y  s e e n  i n  dogs  f rom  
G ro u p s  C and D. I n  man, 50 p e r  c e n t  o f  t h e  c a s e s  in  one 
s t u d y  had no s i g n i f i c a n t  h i s t o l o g i c  l e s i o n s  i n  t h e  m yocard ium  
( 4 ) .  I n  o t h e r  s t u d i e s  t h e  f i n d i n g s  c o n s i s t e d  o f  v a c u o l a r  
d e g e n e r a t i o n ,  i n t e r c e l l u l a r  edem a,  l o s s  o f  m y o f i b r i l s  and 
c r o s s  s t r i a t i o n s  ( 1 0 , 1 1 , 1 2 , 1 3 ) .  T h e s e  f i n d i n g s  were  s i m i l a r  
t o  t h e  l e s i o n s  s e e n  i n  t h i s  e x p e r i m e n t a l  m o d e l .
E x p e r i m e n t a l  c o b a l t - i n d u c e d  c a r d i o m y o p a t h y  in  dogs  
a p p e a r s  t o  be s u i t a b l e  f o r  e x t e n s i v e  i n v e s t i g a t i o n  as  a 
c l i n i c a l  and p a t h o l o g i c a l  model o f  b e e r  d r i n k e r ' s  
c a r d i o m y o p a t h y  i n  man. The s i z e  o f  t h e  dog a l l o w e d  f o r  
p h y s i o l o g i c  m e a s u r e m e n t s  t o  be c a r r i e d  o u t  e a s i l y .  The d o gs  
t o l e r a t e d  t h e  c o b a l t  t r e a t m e n t  q u i t e  w e l l  i n  t h e  d o s a g e  
a d m i n i s t e r e d  and t h e  method o f  i n f u s i o n  ( 4 5 ) .  C l i n i c a l  s i g n s  
and g r o s s  and h i s t o l o g i c  l e s i o n s  s u p p o r t e d  c o b a l t - i n d u c e d  
c a r d i o m y o p a t h y  i n  d o g s  as  a model o f  b e e r  d r i n k e r ' s  
c a r d i o m y o p a t h y  in  man.
C h a p t e r  I I I
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H i s t o c h e m i s t r y  and U l t r a s t r u c t u r e  o f  
i n  E x p e r i m e n t a l  C o b a l t  C a rd io m y o p a th y
t h e  H e a r t  
in  t h e  Dog
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I n t r o d u c t i o n
An i d i o p a t h i c  c a r d i o m y o p a t h y  h a s  b een  d e s c r i b e d  i n  man 
i n  Omaha, N e b r a s k a  and  Q uebec  C i t y ,  Quebec among heav y  b e e r  
d r i n k e r s  ( 1 , 2 ) .  T h i s  was s u b s e q u e n t l y  l i n k e d  by o t h e r  
i n v e s t i g a t o r s  w i t h  c o b a l t  i o n s  b e in g  added  t o  b e e r  as  a 
foam s t a b i l i z i n g  a g e n t  ( 3 ) .  E x p e r i m e n t a l  s t u d i e s  t h e n  
f o l l o w e d  i n  t h e  g u i n e a  p i g  ( 2 4 ) ,  r a t  ( 1 9 , 2 0 , 2 1 , 2 2 ) ,  and 
r a b b i t  ( 23)  p r o d u c i n g  m o d e ls  o f  c o b a l t  c a r d i o m y o p a t h y .  T h ese  
s t u d i e s  p r o v i d e d  e v i d e n c e  o f  l i g h t  m i c r o s c o p i c  damage t o  t h e  
h e a r t  due  t o  c o b a l t  i n  l a b o r a t o r y  a n i m a l s  and man 
( 1 0 , 1 1 , 1 2 , 1 3 , 1 8 , 1 9 , 2 0 ) ,  c h a r a c t e r i z e d  by f o c a l  i r r e g u l a r  
a r e a s  o f  m y o c a r d i a l  d e g e n e r a t i o n ,  l o s s  o f  c r o s s  s t r i a t i o n s  
and i n t r a c y t o p l a s m i c  v a c u o l a t i o n  w i t h  no i n f l a m m a t o r y  
r e a c t i o n .
P r e v i o u s  r e p o r t s  ( 4 , 1 4 , 1 6 , 1 7 )  i n  man r e g a r d i n g  e l e c t r o n  
m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  h e a r t  i n  p a t i e n t s  w i t h  
a l c o h o l i c  c a r d i o m y o p a t h y  h a v e  d e s c r i b e d  c h a n g e s  in  t h e  
m i t o c h o n d r i a ,  m y o f i b r i l s  and t h e  s a r c o p l a s m i c  r e t i c u l u m .  
U l t r a s t r u c t u r a l  e x a m i n a t i o n  i n  t h e  r a b b i t  (23)  and r a t  (22)  
r e v e a l e d  s i m i l a r  l e s i o n s .
H o s s e i n  ( 26)  and  o t h e r s  r e c e n t l y  p r o d u c e d  a l a r g e  a n im a l  
model  o f  c o b a l t  c a r d i o m y o p a t h y  i n  t h e  dog w h ich  was u se d  as  a 
model  f o r  a l c o h o l i c  c a r d i o m y o p a t h y  i n  man. The d o g s  were 
i n j e c t e d  w i t h  c o b a l t  s u l f a t e  d a i l y .  However ,  i n t r a m u s c u l a r  
i n j e c t i o n s  c a u s e d  l a r g e  a r e a s  o f  m u s c u l a r  n e c r o s i s  making 
t h i s  model  i n a p p r o p r i a t e  f o r  lo ng  t e r m  s t u d y .
R e c e n t l y  S and u sk y  e t  al^. ( 45)  and o t h e r s  p r o d u c e d  an
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e x p e r i m e n t a l  model  o f  c o b a l t  c a r d i o m y o p a t h y  in  t h e  dog by 
a d m i n i s t r a t i o n  o f  c o b a l t  t h r o u g h  a c o n t i n u o u s  i n t r a v e n o u s  
i n d w e l l i n g  c a t h e t e r .
The g r o s s  and h i s t o l o g i c  l e s i o n s  i n  t h e  m yocard ium  h a v e  
b e en  r e p o r t e d  e a r l i e r  ( 4 5 ) .  The g r o s s  c a r d i a c  c h an g e  i n  dogs  
w e re  c h a r a c t e r i z e d  by a d i f f u s e  p a l e n e s s  o f  t h e  m yocard ium  
and m o d e r a t e  d i l a t a t i o n  o f  t h e  r i g h t  v e n t r i c l e  and b o th  
a t r i a .  The l e f t  v e n t r i c u l a r  w a l l s  were  s l i g h t l y  t h i c k e r  t h a n  
n o rm a l  w i t h  h y p e r t r o p h y  o f  t h e  p a p i l l a r y  m u s c l e s .
The h i s t o l o g i c  l e s i o n s  w ere  c h a r a c t e r i z e d  by a d i f f u s e  
v a c u o l a t i o n  o f  t h e  m y o c y te s  and m u l t i p l e  a r e a s  o f  l o s s  o f  
c r o s s  s t r i a t i o n .  M u l t i f o c a l  a r e a s  o f  m y o c a r d i a l  n e c r o s i s  
w e re  s c a t t e r e d  t h r o u g h o u t  t h e  m yocard ium  c h a r a c t e r i z e d  by 
d i s s o l u t i o n  and g r a n u l a r  d e g e n e r a t i o n  o f  m y o f i b r i l s .
The l i v e r  c h a n g e s  w e re  t y p i c a l  o f  c h r o n i c  p a s s i v e  
c o n g e s t i o n .
T h i s  c o m m u n ic a t io n  r e p o r t s  t h e  h i s t o c h e m i s t r y  and 
u l t r a s t r u c t u r a l  a l t e r a t i o n s  i n  t h e  h e a r t  o f  c o b a l t  
c a r d i o m y o p a t h y  in  t h e  d og .
M a t e r i a l s  and M ethods
Twenty  young d o g s  were  d i v i d e d  i n t o  f o u r  g r o u p s :  f i v e
d og s  on a n o rm a l  d i e t  (Group A ) ;  f i v e  dogs  on a p r o t e i n  and 
t h i a m i n e  d e f i c i e n t  d i e t  (Group B ) ;  f i v e  d o g s  on a no rm al  d i e t  
w i t h  c o b a l t  i n f u s i o n s  (Group C ) ;  and f i v e  d o gs  on a p r o t e i n  
and t h i a m i n e  d e f i c i e n t  d i e t  w i t h  c o b a l t  i n f u s i o n s  (Group D ) .
Dogs i n  Group C and G roup  D w ere  a n e s t h e t i z e d  w i t h  a
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m i x t u r e  o f  h a l o t h a n e  and o x y g e n .  A c a t h e t e r  was i n s e r t e d  
i n t o  t h e  f e m o r a l  v e i n  and a n c h o r e d  t o  t h e  a d j a c e n t  s k e l e t a l  
m u s c l e .  I t  p a s s e d  s u b c u t a n e o u s l y  t o  t h e  s c a p u l a e  where  i t  
e x i t e d .  T h i s  c a t h e t e r  was c o n n e c t e d  t o  a v a r i a b l e  r a t e  
i n f u s i o n  pump w h ich  i n f u s e d  0 . 5  g r a m s  c o b a l t  c h l o r i d e , 
d i s s o l v e d  i n  300 cc  s t e r i l e  s a l i n e ,  o v e r  a 24 h o u r  p e r i o d .
The a n i m a l s  were  n e c r o p s i e d  a t  t e n  weeks when c a r d i o t o x i c  
h e a r t  f a i l u r e  was s e e n .  The h e a r t  was r a p i d l y  removed and 
t h e n  a c o m p l e t e  n e c r o p s y  was p e r f o r m e d  on a l l  a n i m a l s .  
S e c t i o n s  w e re  removed f rom  t h e  l e f t  v e n t r i c l e  and p a p i l l a r y  
m u s c l e ,  t h e  r i g h t  v e n t r i c u l a r  f r e e  w a l l ,  t h e  l e f t  a t r i u m  and 
t h e  r i g h t  a t r i u m  f o r  h i s t o c h e m i c  and u l t r a s t r u c t u r a l  
e x a m i n a t i o n .  T i s s u e s  were  s l i c e d  1 -2  mm c u b e s  and p r e p a r e d  
f o r  e l e c t r o n  m i c r o s c o p i c  e v a l u a t i o n .  A d j a c e n t  s a m p le s  w e re  
t a k e n  and i m m e d i a t e l y  f r o z e n  a t  -90C f o r  enzyme 
h i s t o c h e m i s t r y .  S i x  m i c r o m e t e r  s e c t i o n s  w e re  c u t  i n  a 
c r y o s t a t  a t  -2 0 C .  The s e c t i o n s  were  s t a i n e d  f o r  t h e  
f o l l o w i n g  enzyme r e a c t i o n s :  s u c c i n i c  d e h y d r o g e n a s e  ( 46)  and
r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  (DPNH) d i a p h o r a s e  (47)  
by t h e  n i t r o  BT m ethod  w i t h  a 30 m in u t e  i n c u b a t i o n .  These  
enzymes were  s t u d i e d  b e c a u s e  t h e  h e a r t  m u sc le  i s  a h i g h l y  
a c t i v e  m e t a b o l i c  t i s s u e  and v e r y  r i c h  in  r e s p i r a t o r y  e n zym es .  
B o th  enzymes h a v e  b e en  e x t e n s i v e l y  u se d  t o  e v a l u a t e  
f u n c t i o n a l - m o r p h o l o g i c  c h a n g e s .
The m yoca rd ium  c o l l e c t e d  f o r  f i n e  s t r u c t u r a l  e v a l u a t i o n  
was m inced  i m m e d i a t e l y  i n t o  0 . 5  mm b l o c k s ,  f i x e d  i n  c o l d  2.5% 
g l u t a r a l d e h y d e  w i t h  0 .1  M sod ium  c a c o d y l a t e  b u f f e r e d  t o  pH
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7 . 4 ,  p o s t  f i x e d  in  1% osmium t e t r o x i d e  in  0 .1  M c a c o d y l a t e ,  
p r o c e s s e d  and embedded i n  Epon.
S e c t i o n s  w ere  c u t  w i t h  a  d iamond k n i f e  on a S o r v a l  MT-2B 
u l t r a m i c r o t o m e ,  s t a i n e d  w i t h  u r a n y l  a c e t a t e  and l e a d  c i t r a t e  
and ex am in e d  w i t h  a Z e i s s  EM-10 e l e c t r o n  m i c r o s c o p e .
R e s u l t s
H i s t o c h e m i s t r y
C a r d i a c  l e s i o n s  were  fo un d  i n  a l l  e x p e r i m e n t a l  do g s  in  
G roups  C and D, b u t  n o t  i n  t h e  c o n t r o l  dogs  i n  Groups  A and 
B.
The enzyme a c t i v i t y  o f  r e d u c e d  d i p h o s p h o p y r i d i n e  
n u c l e o t i d e  d i a p h o r a s e  was p a r t i c u l a r i l y  i n t e n s e  i n  t h e  
p e r i n u c l e a r  r e g i o n s  and b e tw e e n  m y o f i b r i l l s  in  h e a r t s  o f  dogs  
f ro m  b o th  c o n t r o l  G ro up s  A and B ( F i g .  1 ) .  In  dogs  f rom  
G ro u p s  C and D, no c h a n g e  i n  e n z y m a t i c  a c t i v i t y  w i t h  r e d u c e d  
d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  was s e e n  i n  any a r e a s  
o f  t h e  m yocard ium  ( F i g .  2 ) .
T h e r e  was d i m i n i s h e d  a c t i v i t y  i n  t h e  s u c c i n i c  d e h y d r o ­
g e n a s e  r e a c t i o n  i n  t h e  v e n t r i c l e s  and a t r i a  i n  dogs  f rom 
G roups  C and D ( F i g .  3 ) ,  w h i l e  i n  t h e  c o n t r o l  d o gs  t h e r e  was 
p r o m i n e n t  enzyme a c t i v i t y  ( F i g .  4 ) .  The a t r i a  in  d o gs  o f  
Group C c o n t a i n e d  l i t t l e  enzyme r e a c t i v i t y  w i t h  m in im a l  
enzyme r e a c t i v i t y  i n  b o th  v e n t r i c l e s .
E l e c t r o n  M ic r o s c o p y
U l t r a s t r u c t u r a l l y , t h e  h e a r t s  o f  c o n t r o l  d o gs  in  G rou p s  
A and B w ere  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  n o rm a l  c a n i n e
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F i g u r e  1 -  L e f t  v e n t r i c u l a r  m yocard ium  i n  n o rm a l  c a n i n e  h e a r t  
w i t h  h i s t o c h e m i c a l  r e a c t i o n  f o r  r e d u c e d  
d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  ( X400) .
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F i g u r e  2 -  R educed  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  in  
t h e  l e f t  v e n t r i c u l a r  m yocard ium  o f  a dog w i t h  
c o b a l t  c a r d i o m y o p a t h y .  T h e r e  i s  no r e d u c t i o n  o r  
c h an g e  i n  t h e  i n t e n s i t y  o f  t h e  s t a i n i n g  r e a c t i o n  
( X4 0 0 ) .
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F i g u r e  3 -  S u c c i n i c  d e h y d r o g e n a s e  r e a c t i o n  in  t h e  l e f t
v e n t r i c l e  o f  a  dog w i t h  c o b a l t  c a r d i o m y o p a t h y .  
T h e r e  i s  m o d e r a t e  t o  marked r e d u c t i o n  i n  t h e  
i n t e n s i t y  o f  t h e  s t a i n i n g  r e a c t i o n  o f  t h e  m u s c le  
f i b e r s  ( X400) .
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F i g u r e  4 -  H i s t o c h e m i c a l  r e a c t i o n  f o r  s u c c i n i c  d e h y d r o g e n a s e  
i n  l e f t  v e n t r i c u l a r  m yocard ium  i n  a n o rm a l  c o n t r o l  
d o g .  I n t e n s e  enzyme r e a c t i o n  can  be s e e n  w i t h  
m arked  i n t e r f i b r i l l a r y  s t a i n i n g  ( X400) .
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c a r d i a c  m u s c le  ( 4 8 , 4 9 )  ( F i g u r e  5 ) .  The c h a n g e s  s e e n  i n  t h e  
h e a r t s  o f  do g s  i n  G ro u ps  C and D w ere  n o t  o b s e r v e d  in  t h e  
c o n t r o l  d o g s .  The u l t r a s t r u c t u r a l  c h a n g e s  i n  t h e  a t r i a  were  
more s e v e r e  t h a n  i n  t h e  v e n t r i c l e s  in  dogs  o f  b o t h  G roups  C 
and D.
U l t r a s t r u c t u r a l  c h a n g e s  c o n s i s t e d  o f  s w e l l i n g  and 
d i s o r g a n i z a t i o n  o f  t h e  m i t o c h o n d r i a  as  e v i d e n c e d  by l o s s  o f  
t h e i r  i n n e r  membranes and c r i s t a e  l e a v i n g  a d i s t o r t e d  o u t e r  
membrane ( F i g .  6 ) .  A few a f f e c t e d  m i t o c h o n d r i a  had f o c a l  
m a t r i c a l  d e n s i t i e s  ( F i g .  7 ) .  Some c e l l s ,  e s p e c i a l l y  i n  t h e  
v e n t r i c l e s  c o n t a i n e d  m i t o c h o n d r i a  c h a r a c t e r i z e d  by s w e l l i n g  
w i t h  a c l e a r  m a t r i x  and f o c a l  l o s s  o f  c r i s t a e .
The s a r c o p l a s m i c  r e t i c u l u m  c o n t a i n e d  num erous  d i l a t e d  
v e s i c l e s  s e e n  m a i n l y  b e tw e e n  t h e  m y o f i l a m e n t s  ( F i g .  8 ) .  The 
s a r c o p l a s m i c  r e t i c u l u m  a p p e a r e d  e s s e n t i a l l y  n o rm a l  i n  f i b e r s  
h a v i n g  m in im a l  c h a n g e s  i n  t h e  m i t o c h o n d r i a  and m y o f i l a m e n t s .
The m y o f i b r i l  c h a n g e s ,  th o u g h  g e n e r a l i z e d ,  w ere  more 
p r o n o u n c e d  i n  t h e  a t r i u m .  The c h a n g e s  in  t h e  m y o f i b r i l s  
r a n g e d  f rom  s m a l l  l o c a l i z e d  a r e a s  o f  i n c r e a s e d  t h i c k e n i n g  o f  
t h e  Z - b a n d s  t o  l o s s  o f  s t r i a t i o n s  and e a r l y  g r a n u l a r  
d i s s o l u t i o n  o f  t h e  f i l a m e n t s .  I n  some l o c a t i o n s ,  s h o r t  
f r a g m e n t s  o f  m y o f i l a m e n t s  c o n t a i n i n g  Z - b a n d s  r e m a i n e d .  T h ese  
c h a n g e s  w ere  s e e n  i n  a r e a s  w h e re  m i t o c h o n d r i a l  damage was 
p r o n o u n c e d  ( F i g .  9 ) .
I n c r e a s e d  num bers  o f  l i p i d  d r o p l e t s  o f  v a r y i n g  s i z e s  
were  o b s e r v e d  t h r o u g h o u t  t h e  m y o ca rd iu m .  The d r o p l e t s  
c o n t a i n e d  i n c r e a s e d  p e r i p h e r a l  e l e c t r o n  d e n s i t i e s ,  ( F i g .  10)
69
F i g u r e  5 -  L o n g i t u d i n a l  s e c t i o n  o f  m yocard ium  f rom  a c o n t r o l  
dog i n  Group A ( X 3 2 ,0 0 0 ) .
70
F i g u r e  6 -  T h i s  e l e c t r o n  m i c r o g r a p h  o f  a  m y o c a r d i a l  c e l l  
shows e n l a r g e d ,  s w o l l e n  m i t o c h o n d r i a  w i t h  
d e g e n e r a t i n g  c r i s t a e .  Some m i t o c h o n d r i a  c o n t a i n  
ro u n d  d e n s e  b o d i e s  ( X 1 4 ,0 0 0 ) .
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F i g u r e  7 -  T h i s  e l e c t r o n  m i c r o g r a p h  shows t h e  num erous
o s m i o p h i l i c  p a r t i c l e s  on t h e  p e r i p h e r y  o f  t h e  
l i p i d  d r o p l e t  ( a r r o w ) .  Numerous d e n s e  
i n t r a m i t o c h o n d r i a l  d e p o s i t s  a r e  p r e s e n t  i n  t h e  
m a t r i x  (X34, 0 0 0 ) .
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F i g u r e  8 -  L o n g i t u d i n a l  s e c t i o n  f rom  t h e  l e f t  v e n t r i c l e  o f  a 
dog w i t h  c o b a l t  c a r d i o m y o p a t h y .  T h e r e  i s  m arked  
f r a g m e n t a t i o n  s e e n  i n  t h e  c r i s t a e  o f  t h e  
m i t o c h o n d r i a .  E n l a r g e d  d i l a t e d  s a r c o p l a s m i c  
r e t i c u l u m  a r e  r e p r e s e n t e d  i n  t h e  m yocy te  as  
v e s i c l e s  ( a r r o w h e a d )  (X12f 8 0 0 ) .
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F i g u r e  9 -  T h e r e  i s  m o d e r a t e  d i s o r i e n t a t i o n  o f  m y o f i b r i l s  
w i t h  l o s s  o f  some Z -band  m a t e r i a l .  Numerous 
membrane l i n e d  v e s i c l e s  a r e  s e e n  a lo n g  t h e  Z -b a n d s  
( X30, 4 0 0 ) .
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F i g u r e  10 -  L o n g i t u d i n a l  s e c t i o n  o f  r i g h t  v e n t r i c u l a r  
m yocard ium  i l l u s t r a t i n g  i r r e g u l a r  Z - b a n d s ,  
d e g e n e r a t i n g  s w o l l e n  m i t o c h o n d r i a ,  and e l e c t r o n  
d e n s e  b o d i e s  w i t h i n  t h e  m i t o c h o n d r i a .  A l a r g e  
l i p i d  v a c u o l e  i s  s e e n  ( a r r o w )  ( X 2 0 ,0 0 0 ) .
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e s p e c i a l l y  i n  a r e a s  w i t h  p r o n o u n c e d  m i t o c h o n d r i a l  c h a n g e s .  
D i s c u s s i o n
H i s t o c h e m i c  e v a l u a t i o n  r e v e a l e d  c o b a l t  i n d u c e d  c h a n g e s  
in  t h e  m yo ca rd iu m .  The m o r p h o l o g i c  c h a n g e s  s e e n  
u l t r a s t r u c t u r a l l y  i n  t h e  m i t o c h o n d r i a  and t h e  d e c r e a s e d  
i n t e n s i t y  o f  s u c c i n i c  d e h y d r o g e n a s e  s u g g e s t s  s e v e r e  
m i t o c h o n d r i a l  d y s f u n c t i o n .  P r o n o u n c e d  d e c r e a s e d  s u c c i n i c  
d e h y d r o g e n a s e  a c t i v i t y  was a l s o  s e e n  i n  t h e  s t u d i e s  o f  
e x p e r i m e n t a l  c o b a l t  c a r d i o m y o p a t h y  i n  t h e  r a b b i t  (23)  and 
a l c o h o l i c  c a r d i o m y o p a t h y  i n  man ( 5 1 ) .  The e n z y m a t i c  a c t i v i t y  
o f  r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  was 
s i m i l a r  i n  h e a r t s  o f  b o t h  c o n t r o l  and t r e a t e d  d o g s .  T h i s  
f i n d i n g  was a l s o  o b s e r v e d  i n  t h e  r a b b i t  ( 2 3 ) .
U l t r a s t r u c t u r a l  e x a m i n a t i o n  o f  h e a r t s  f rom e x p e r i m e n t a l  
c o b a l t  c a r d i o m y o p a t h y  i n  t h e  dog showed marked m i t o c h o n d r i a  
e n l a r g e m e n t  and s t r u c t u r a l  c h a n g e s  i n  t h e  s a r c o p l a s m i c  
r e t i c u l u m  and m y o f i b r i l s .  E l e c t r o n  d e n s e  p a r t i c l e s  were  s e e n  
i n  some m i t o c h o n d r i a .  P r e v i o u s  s t u d i e s  o f  a l c o h o l i c  
c a r d i o m y o p a t h y  r e v e a l e d  s t r i k i n g l y  s i m i l a r  c h a n g e s  i n  t h e  
m i t o c h o n d r i a  w i t h  s w e l l i n g  and l o s s  o f  c r i s t a e  (34 )  w i t h  
d e n s e  i n t r a m i t o c h o n d r i a l  i n c l u s i o n s  in  many d e fo rm e d  
m i t o c h o n d r i a .  In  c o b a l t  b e e r  d r i n k e r ' s  c a r d i o m y o p a t h y ,  
A l e x a n d e r  (4)  e x a m in e d  b i o p s i e s  f rom s i x  men and n o t e d  t h e  
p r e s e n c e  o f  e l e c t r o n - d e n s e  d e p o s i t s  in  s w o l l e n  m i t o c h o n d r i a  
i n  one p a t i e n t .  A uger  and C h e n a rd  (14)  o b s e r v e d  a  few 
m i t o c h o n d r i a l  c o n t a i n i n g  p a r t i c u l a t e  i n c l u s i o n s .  The d e n s e
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o s m i o p h i l i c  p a r t i c l e s  s e e n  in  m i t o c h o n d r i a  h a s  b een  d e s c r i b e d  
in  r a t s  by Rona a s  " p a t h o g n o m i c "  f o r  c o b a l t  t o x i c i t y  
( 1 8 , 5 3 ) .
The p r i n c i p l e  m y o f i l a m e n t  l e s i o n  i n  t h e  dog was an 
i n c r e a s e d  e l e c t r o n  d e n s i t y  and t h i c k e n i n g  o f  t h e  Z - b a n d s .  
E l e c t r o n  m i c r o s c o p i c  f i n d i n g s  in  t h e  r a b b i t  w i t h  e x p e r i m e n t a l  
c o b a l t  h e a r t  d i s e a s e  r e v e a l e d  s e p a r a t e d  m y o f i b r i l s  w i t h  
Z -band  d e g e n e r a t i o n  and l o s s  o f  s t r i a t i o n s  ( 2 3 ) .  S w o l l e n  and 
r u p t u r e d  m i t o c h o n d r i a  w ere  commonly s e e n  w i t h  no r e p o r t s  o f  
i n c l u s i o n s .  A c u te  c o b a l t  t o x i c i t y  i n  p i g s  p r o d u c e d  
d i s t i n c t i v e  a c c u m u l a t i o n s  o f  e l e c t r o n  d e n s e  g r a n u l a r  m a t e r i a l  
i n  t h e  m a t r i c e s  o f  t h e  m y o c a r d i a l  m i t o c h o n d r i a .  " H y p e r -  
c o n t r a c t i o n "  b an d s  w ere  r e p o r t e d  w i t h  n e c r o t i c  f i b e r s  ( 2 5 ) .  
L in  and D u f fy  r e p o r t e d  m i t o c h o n d r i a  s w e l l i n g ,  d i l a t e d  
s a r c o p l a s m i c  r e t i c u l u m  and i n c r e a s e  in  l i p i d  d r o p l e t s  i n  t h e  
r a t  in  c o b a l t  i n d u c e d  m y o c a r d i a l  l e s i o n s  ( 2 2 ) .
An i n c r e a s e  i n  l i p i d  d r o p l e t s  was s e e n  in  m y o c a r d i a l  
f i b e r s  i n  t h i s  s t u d y .  H a l l  and S m i th  (23)  r e p o r t e d  a  marked 
i n c r e a s e  i n  t h e  r a b b i t  due  t o  an i n c r e a s e d  u p t a k e  o f  l i p i d  by 
t h e  h e a r t  i n  c o b a l t  t o x i c i t y .  G r i c e  ej: al_. (20)  d e s c r i b e d  an 
i n c r e a s e  i n  l i p i d  d r o p l e t s  in  c o b a l t  t r e a t e d  r a t s  o b s e r v i n g  
t h a t  c o b a l t  i n h i b i t e d  t h e  c a r d i a c  e n e r g y  m e t a b o l i s m  by 
i n a c t i v a t i n g  l i p o i c  a c i d ,  an e s s e n t i a l  coenzyme i n  
m i t o c h o n d r i a  r e q u i r e d  f o r  t h e  m e t a b o l i s m  o f  f a t t y  a c i d s  and 
p y r u v a t e  l e a d i n g  t o  an i n c r e a s e  o f  l i p i d  i n  t h e  m yoca rd ium .  
A c c u m u l a t i o n  o f  l i p i d s  in  t h e  h e a r t  h a s  been  d e s c r i b e d  i n  man 
i n  c o b a l t  c a r d i o m y o p a t h y  (12)  and in  a l c o h o l i c  c a r d i o m y o p a t h y
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(3 4 ) .
The l i p i d  v a c u o l e s  s e e n  w i t h  s m a l l  o s m i o p h i l i c  p a r t i c l e s  
on t h e  p e r i p h e r y  i n  t h i s  e x p e r i m e n t  h a s  been  p r e v i o u s l y  
r e p o r t e d  in  man w i t h  a l c o h o l i c  c a r d i o m y o p a t h y  ( 3 4 ) .  T h e re  
a r e  no r e p o r t s  i n  b e e r  d r i n k e r ' s  c a r d i o m y o p a t h y  o r  in  o t h e r  
e x p e r i m e n t a l  c o b a l t  c a r i d o m y o p a t h i e s  d e s c r i b i n g  e l e c t r o n  
d e n s e  p a r t i c l e s  a t  t h e  p e r i p h e r y  o f  l i p i d  v a c u o l e s .
The u l t r a s t r u c t u r a l  l e s i o n s  i n  e x p e r i m e n t a l  c o b a l t  
c a r d i o m y o p a t h y  in  t h e  dog a r e  s i m i l a r  t o  t h e  l e s i o n s  r e p o r t e d  
i n  man and o t h e r  e x p e r i m e n t a l  l a b o r a t o r y  a n i m a l s .  The c o b a l t  
i n d u c e d  l e s i o n s  i n  t h e  m yocard ium  a r e  g e n e r a l l l y  n o n s p e c i f i c  
s i n c e  many o f  t h e s e  c h a n g e s  h a v e  been  d e s c r i b e d  i n  o t h e r  
c a r d i a c  d i s e a s e  p r o c e s s e s .  Comparing  t h i s  e x p e r i m e n t  w i t h  
p r e v i o u s  s t u d i e s  t h e r e  a r e  no two r e p o r t s  w i t h  i d e n t i c a l  
f i n d i n g s .  T h i s  i s  p r o b a b l y  due  t o  s p e c i e s  v a r i a t i o n ,  d o s a g e  
and r o u t e  o f  a d m i n i s t r a t i o n  o f  t h e  c o b a l t .
Summary and C o n c l u s i o n s
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E x p e r i m e n t a l  c o b a l t  c a r d i o m y o p a t h y  was s t u d i e d  i n  dogs  
g i v e n  c o b a l t  c h l o r i d e  t w i c e  w e e k ly  t h r o u g h  a c h r o n i c  
i n d w e l l i n g  i n t r a v e n o u s  c a t h e t e r .  T h i s  method p r o v i d e d  a 
s a t i s f a c t o r y  t e c h n i q u e  t o  p r o d u c e  c a r d i o m y o p a t h y  i n  d o g s .  
P r e v i o u s  m e th o d s  u s i n g  i n t r a m u s c u l a r  i n j e c t i o n s ,  
i n t r a p e r i t o n e a l  i n j e c t i o n s ,  o r  r a p i d  i n t r a v e n o u s  i n j e c t i o n s  
h a d  n um erous  i n h e r e n t  d i f f i c u l t i e s  which  i n c l u d e d  l a r g e  a r e a s  
o f  m u s c u l a r  n e c r o s i s ,  i n t r a - a b d o m i n a l  n e c r o s i s ,  p e r i t o n i t i s  
and  s e v e r e  v o m i t i o n  and c h r o n i c  w a t e r y  d i a r r h e a .  T h i s  method 
e l i m i n a t e d  t h e s e  u n d e s i r a b l e  s i d e  e f f e c t s .
Dogs w ere  d i v i d e d  i n t o  f o u r  g r o u p s :  Group A (5 d o g s )
was n o r m a l  c o n t r o l s ,  Group B (5 d o g s )  was m a i n t a i n e d  on a 
p r o t e i n  and t h i a m i n e  d e f i c i e n t  d i e t ,  Group C (5 d o g s )  was on 
a n o rm a l  d i e t  w i t h  c o b a l t  i n f u s i o n s  and  Group D (6 d o g s )  was 
on a p r o t e i n  and t h i a m i n e  d e f i c i e n t  d i e t  w i t h  c o b a l t  
i n f u s i o n s .  The c o b a l t  c h l o r i d e  was a d m i n i s t e r e d  t w i c e  w e e k ly  
o v e r  a n i n e  o r  t e n  week p e r i o d .  No c h a n g e s  were  o b s e r v e d  in  
d og s  i n  t h e  c o n t r o l  g r o u p s  A and B.
I n  a p p r o x i m a t e l y  5 t o  6 w eeks  t h e  d o gs  in  Group  C and D 
b e g an  e x h i b i t i n g  v a r i o u s  c l i n i c a l  s i g n s  r e l a t e d  t o  
c a r d i o m y o p a t h y .  E x e r c i s e  i n t o l e r a n c e ,  o c c a s i o n a l  d y s n p e a  and 
m i l d  s y s t o l i c  murmurs w i t h  a p r o m i n e n t  g a l l o p  rh y th m  w ere  
o b s e r v e d .  Most d o g s  l o s t  10 -15  p e r  c e n t  body w e i g h t  d u r i n g  
t h e  e x p e r i m e n t .  The e l e c t r o c a r d i o g r a m s  o f  d o gs  i n  G roups  C 
and D b e g a n  show ing  a b n o r m a l i t i e s  a f t e r  t h r e e  weeks which  
c o n s i s t e d  o f  s i n u s  t a c h y c a r d i a  and p r o g r e s s i v e  l o w e r i n g  o f  
t h e  QRS c o m p le x e s  i n  l im b  l e a d s .  At t h e  end o f  t h e  s t u d y ,
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t h e  QRS c o m p le x e s  w ere  a l m o s t  i s o e l e c t r i c .  A m o d e r a t e  
c a r d i o m e g a l y  was s e e n  on t h o r a c i c  r a d i o g r a p h s  a f t e r  
a p p r o x i m a t e l y  4 w eeks  o f  c o b a l t  i n f u s i o n s .  D u r in g  t h e  l a s t  5 
weeks  o f  t h e  e x p e r i m e n t  t h e  c a r d i a c  shadow d e c r e a s e d  i n  s i z e  
i n d i c a t i n g  d e v e l o p m e n t  o f  m i c r o c a r d i a .  Dogs i n  b o th  c o n t r o l  
G ro u p s  A and B showed no s i g n i f i c a n t  c h a n g e s  on e l e c t r o ­
c a r d i o g r a p h y  o r  t h o r a c i c  r a d i o g r a p h s .
D u r in g  t h e  l a s t  two weeks  o f  t h e  e x p e r i m e n t  t h e  l e f t  
v e n t r i c u l a r  s y s t o l i c  and d i a s t o l i c  p r e s s u r e s  were  com p ared .
I n  d o g s  i n  G ro up s  C and D t h e  mean s y s t o l i c  p r e s s u r e  was 
lo w e r  t h a n  n o r m a l .  The l e f t  v e n t r i c u l a r  end d i a s t o l i c  
p r e s s u r e  was n o rm al  in  a l l  dogs  i n  G rou p s  A and B. T h e r e  was 
a m i ld  e l e v a t i o n  o f  l e f t  v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  
i n  a l l  d o g s  i n  G roups  C and  D.
A n g i o c a r d i o g r a p h y  was p e r f o r m e d  i n  t h r e e  o f  s i x  d og s  in  
Group  D. The c h a n g e s  w ere  v a r i a b l e  i n  a l l  t h r e e  d o g s .  
How ever ,  t h e  end d i a s t o l i c  v o lu m e s  were  e l e v a t e d  i n  a l l  t h r e e  
d o g s .  One dog had a g r e a t l y  r a i s e d  e j e c t i o n  f r a c t i o n .
At n e c r o p s y  t h e  body w e i g h t  o f  a l l  d og s  was r e c o r d e d .
The h e a r t  was removed and t h e  t o t a l  h e a r t  w e i g h t ,  t o t a l  
a t r i a l  w e i g h t ,  r i g h t  v e n t r i c u l a r  f r e e  w a l l  w e i g h t  and 
com bined  l e f t  v e n t r i c u l a r  and s e p t a l  w e i g h t  w ere  r e c o r d e d .  
T h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  l e f t  v e n t r i c u l a r  w e i g h t  
t o  h e a r t  w e i g h t  and a s i g n i f i c a n t  d e c r e a s e  i n  r i g h t  
v e n t r i c u l a r  w e i g h t  t o  h e a r t  w e i g h t  i n  a l l  dogs  i n  Group  D 
when com pared  t o  dogs  i n  G roups  A and  B. T h e re  was no 
s i g n i f i c a n t  c h a n g e  s e e n  i n  w e i g h t s  o f  h e a r t s  f rom  d o gs  in
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G roups  A, B, and C.
On m a c r o s c o p i c  e x a m i n a t i o n  t h e  h e a r t s  o f  dogs  in  G ro up s  
A and  B w ere  n o r m a l .  The most  c o n s i s t e n t  f i n d i n g  i n  h e a r t s  
i n  G ro u p s  C and D was a d i f f u s e  p a l e n e s s  o f  t h e  m yocard ium  
and d i l a t a t i o n  o f  t h e  a t r i a  and v e n t r i c l e s .  S c a t t e r e d  
p e t e c h i a l  and e c c h y m o t i c  h e m o r r h a g e s  were  s e e n  i n  t h e  
e n d o c a r d i u m  and t h e  e p i c a r d i u m .  S m a l l  m u l t i f o c a l  a r e a s  o f  
n e c r o s i s  w ere  s e e n  i n  t h e  p a p i l l a r y  m u s c l e s  i n  3 o f  6 d o g s  in  
Group  D.
L i g h t  m i c r o s c o p i c  c h a n g e s  were  p r e s e n t  i n  h e a r t s  o f  dogs  
i n  G rou p s  C and D w i t h  no s i g n i f i c a n t  l e s i o n s  fo u n d  i n  t h e  
d o g s  o f  c o n t r o l  G ro u p s  A and B. The m ost  c o n s i s t e n t  f i n d i n g  
was v a c u o l a t i o n  o f  t h e  m y o c y te s  and l o s s  o f  c r o s s  s t r i a t i o n s  
i n  h e a r t s  o f  d o gs  i n  G ro u p s  C and D. S e p a r a t i o n  and 
f r a g m e n t a t i o n  o f  c a r d i a c  m u s c le  c e l l s  w e re  s e e n  s c a t t e r e d  
t h r o u g h o u t  t h e  m y o ca rd iu m .  T h e r e  were  m u l t i p l e  a r e a s  o f  
m y o c y t o l y s i s  w i t h  l o s s  o f  m y o f i l a m e n t s .  Both  a t r i a  and 
v e n t r i c l e s  w ere  e q u a l l y  a f f e c t e d  and t h e  l e s i o n s  were  
u n i f o r m l y  d i f f u s e .  I n f l a m m a t i o n  was s e e n  i n  t h r e e  o f  s i x  
h e a r t s  o f  d o gs  w i t h  c o b a l t  c a r d i o m y o p a t h y .
H i s t o c h e m i c a l  r e a c t i o n s  f o r  s u c c i n i c  d e h y d r o g e n a s e  and 
r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  d i a p h o r a s e  w ere  a p p l i e d  
t o  f r o z e n  h e a r t  m u s c l e .  No D P N - d ia p h o r a s e  d i f f e r e n c e s  in  
a c t i v i t y  b e tw e e n  d o g s  in  c o n t r o l  G ro u ps  A and B and c o b a l t  
t r e a t e d  d o gs  i n  G ro up s  C and  D w ere  o b s e r v e d .  S u c c i n i c  
d e h y d r o g e n a s e  r e v e a l e d  marked m i t o c h o n d r i a l  d y s f u n c t i o n  and 
l o s s  o f  enzyme a c t i v i t y  i n  dogs  f rom  t h e  two c o b a l t  t r e a t e d
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G ro u ps  C and D when com pared  to  t h e  c o n t r o l s .
E l e c t o n  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  h e a r t s  o f  c o n t r o l  
d o g s  f rom  G ro u ps  A and B were  no rm a l  a s  r e p o r t e d  f o r  no rm al  
c a n i n e  c a r d i a c  m u s c l e .  The m ost  c o n s i s t e n t  c h a n g e s  s e e n  i n  
h e a r t s  o f  dogs  f rom  G ro u p s  C and D w ere  s w e l l i n g  and l o s s  o f  
c r i s t a e  i n  t h e  m i t o c h o n d r i a .  A few m i t o c h o n d r i a  w i t h  
d i s r u p t e d  i n n e r  and o u t e r  membranes had f o c a l  m a t r i c a l  
d e n s i t i e s .  The s a r c o p l a s m i c  r e t i c u l u m  c o n t a i n e d  num erous  
d i l a t e d  v e s i c l e s  s e e n  b e tw ee n  t h e  m y o f i l a m e n t s .
The c h a n g e s  i n  t h e  m y o f i b r i l l s  w ere  m i ld  c o n s i s t i n g  o f  
s m a l l  l o c a l i z e d  a r e a s  o f  i n c r e a s e d  e l e c t r o n  d e n s i t y  o f  t h e  
Z -b a n d s  t o  l o s s  o f  s t r i a t i o n s  and e a r l y  g r a n u l a r  d i s s o l u t i o n  
o f  t h e  m y o f i l a m e n t s .
L i p i d  d r o p l e t s  were  i n c r e a s e d  i n  number and c o n t a i n e d  
i n c r e a s e d  p e r i p h e r a l  e l e c t r o n  d e n s i t i e s .
T h i s  s t u d y  d e s c r i b e d  t h e  method f o r  p r o d u c t i o n  o f  a 
model  o f  c o b a l t  c a r d i o m y o p a t h y  i n  t h e  dog which  i s  more 
s a t i s f a c t o r y  t h a n  o t h e r  p r e v i o u s l y  d e s c r i b e d  m e th o d s .  I n  
a d d i t i o n ,  t h i s  s t u d y  p r o v i d e d  a c l i n i c a l  d e s c r i p t i o n  o f  t h e  
p h y s i o l o g i c  and c l i n i c a l  c h a n g e s  t h a t  o c c u r  w i t h  c o b a l t  
c a r d i o m y o p a t h y  in  t h e  d o g .  The g r o s s  and l i g h t  m i c r o s c o p i c  
f i n d i n g s  w ere  s i m i l a r  t o  t h o s e  r e p o r t e d  in  man, r a b b i t s ,  
g u i n e a  p i g s  and r a t s .  U l t r a s t r u c t u r a l l y ,  t h e  c o b a l t  i n d u c e d  
c a r d i a c  c h a n g e s  were  n o n s p e c i f i c  s i n c e  t h e y  h a v e  been  
r e p o r t e d  in  many o t h e r  c a r d i a c  d i s e a s e s  o f  man and 
e x p e r i m e n t a l  a n i m a l s .  E v a l u a t i o n  o f  t h e  d a t a  s u g g e s t s  t h a t  
t h i s  e x p e r i m e n t a l  d i s e a s e  p r o c e s s  i n  t h e  dog i s  s i m i l a r  t o
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t h e  d i s e a s e  e n t i t y  i n  man.
1. Based  on t h i s  e x p e r i m e n t  t h e  p r o t e i n  t h i a m i n e  
d e f i c i e n t  d i e t  had l i t t l e  e f f e c t  on t h e  s e v e r i t y  o f  
c a r d i a c  l e s i o n s  w i t h  c o b a l t .  T h i s  was due t o  t h e  
i n t r a v e n o u s  r o u t e  o f  a d m i n i s t r a t i o n  which  e l i m i n a t e d  
t h e  p o s s i b l e  c h e l a t i o n  e f f e c t  i n  t h e  d i g e s t i v e  t r a c t  
b e tw ee n  c o b a l t  and p r o t e i n .
2 .  The p r o t e i n  d e f i c i e n t  d i e t  and c o b a l t  b o th
c o n t r i b u t e d  t o  t h e  w e i g h t  l o s s  s e e n  d u r i n g  t h e
c l i n i c a l  s t u d y .
3 .  The g r o s s  l e s i o n s  s e e n  i n  t h i s  e x p e r i m e n t a l  model 
w e re  s i m i l a r  t o  t h e  l e s i o n s  s e e n  in  man w i t h  b e e r  
d r i n k e r ' s  c a r d i o m y o p a t h y .
4 .  C o b a l t - i n d u c e d  h i s t o l o g i c  l e s i o n s  w ere  i d e n t i c a l  t o  
t h o s e  s e e n  i n  o t h e r  e x p e r i m e n t a l  s m a l l  l a b o r a t o r y  
a n i m a l s  and i n  man.
5 .  The h i s t o c h e m i c a l  c h a n g e s  w ere  i d e n t i c a l  t o  t h o s e
d e s c r i b e d  i n  t h e  r a b b i t  and i n  a l c o h o l i c  c a r d i o ­
m yopathy  in  man. No h i s t o c h e m i c a l  s t u d i e s  were  
p e r f o r m e d  i n  man w i t h  c o b a l t  c a r d i o m y o p a t h y .
6 .  E l e c t r o n  m ic r o s c o p y  s t u d i e s  i n d i c a t e d  t h a t  t h e  
l e s i o n s  d e s c r i b e d  in  t h e  e x p e r i m e n t a l  dogs  w ere  
s i m i l a r  t o  t h o s e  d e s c r i b e d  in  c o b a l t  c a r d i o m y o p a t h y  
in  man and o t h e r  e x p e r i m e n t a l  m o d e l s .  The 
s i m i l a r i t i e s  i n c l u d e d  a l t e r e d  m i t o c h o n d r i a ,  an 
i n c r e a s e  in  l i p i d  d r o p l e t s ,  d i l a t e d  s a r c o p l a s m i c  
r e t i c u l u m  and i n t r a m i t o c h o n d r i a l  d e n s i t i e s .
T h i s  s t u d y  d e m o n s t r a t e d  t h a t  e x p e r i m e n t a l  c o b a l t  
c a r d i o m y o p a t h y  i n  t h e  dog i s  an e x c e l l e n t  t o x i c  
c a r d i o m y o p a t h y  m o d e l .  The l a r g e  s i z e  o f  t h e  dog 
p e r m i t s  m o n i t o r i n g  o f  t h e  b a s i c  hemodynamic 
p a r a m e t e r s  t h a t  a r e  d i f f i c u l t  t o  p e r f o r m  i n  s m a l l  
l a b o r a t o r y  a n i m a l s .
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